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A.SID-IBSISTIKS  CHHOlCulI  STEELS  (16-20^  Cr)  0?  THE  SEhl-ESaRITE  AUD  PSaHIXB  CLASSES 


"ho  properties  of  sesi-f orri vie  steels  depend  to  s  considerable 


extoat  upa*  the  quantitative  relationship  of  f orri  to  sad  austenite  is.  the 


structure  of  the  steel  Tree*  it  is  hosted  to  the  tesaerature  of  there*!  trost- 


rcat..  Tlheu.  th#  ferrite  coapoaont  predoiiastos.,  the  stool,  if  bested  to  s 
t taper stare  shore  850®  C,  soquiros  s  grest  aptitude  for  grsi*  grenth„  This, 
loads  to  large-grained  structure  sad  brittle****.,  which  are  act  died** tod 
by  subsequent  the real  hr c a. ta cat,  also  to  loner  rrcistaace  sad  corrosion  (see 
fig.  8),  la  coaaoctioa  Trith  this,  the  h°t  aeohsaical  processing  of  soai-ferritic 
steels  rust  be  finished  at  the  lowest  teaporature*  possible  in  order  to  obtain 
s tailor  grain.-. .  la  such  a  case  subsequent  annealing  at  760-300°  C,  after  hot 
dofort. tioa  conserves  in  the  steel  a  ssall-graiaed  structure  and  fully  sati z— 
factory  aochsaiovl  and  technological  properties o 


Hosting  cf  ccni-fcrritic  steels  to  tsaparature*  of  750-300°  c  also 


causes  a  aero  eves  cistributics  of  chroae  concentration  in  the  hard  solution. 
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and,  consequently  as.  5  aprerexent  of  resistance  to  corrosi esu.  7herofar*j 


nalsea  joints  of  pj.rt*  =aa«  of  1?>  ohroue  stool  east  bo  subjected  irw 


uodiatly  after  welding  to  chersai  treatcsat  in  orcor  zo  increase  c»rro- 


sine  resistance*  17^  chronics  steels  sheer  high  corrosi  ox  ros2.sca.voo  lx 


cola  nitric  acia  of  any  concentration*  In  hot  aitrio  acid  (at  60  -  ?u=C) 


ITT*  chroniun  steels  are  resistant  when  acid  concentration  does  not  exceed 


SO-60S. 


66^,  while  in  boiling  nitric  acid  they  resist  a  concentration,  of  up  to 


srC  o+t'ject 'on 

17%  chroriun  steels  nay  be  used  as  rsset-rosistant  material*  at 


tsnperatures  up  to  850-S00®  C*  ~ith  sane  incroaso  of  silicon  content. 


tne  steel  bocores  resistant  also  in  hot  conbuation  gaaes.  rich  in  sulphur*. 


ar-  ircr,  an  inclination  to  grain  growth  rnien  heated  (above  850®  C}  and 


law  brat-endurance,  limit  the  use  of  17^  chronic®  steel* 


A  positive  influence  upon  the  properties,  of  17^  chronics  steels 


is  exerted  by  post-charging  with  titaniun  and  niobiun,  as  they  eiininate 


the  appearance  sf  austenite  sc  high  tencersturos.  and  ixprero  corrosion— 


v ..*  ^  ? \  -.  .  '  r«_ /▼jaK-s 


'  •/  y*  - [■  .J'sT/jv-v* 


rocisTanco  of  vr-jiccd  j.cin-cs  in  Tir  sear  iom,.  (5e),(5i'}J 


?r.o  acTicn  of  Titiriur  is  effective  only  Tien  *11  Tie  carbox  in. 


TT:s  steal  combines  into  TiTi.il  cn.  carbiaes.  This  is  echiovod  -srith  *  titaniu* 


content  6-  to  8  Tines  larger  than  that  c-f  carbon.  Similar  results  are  pro¬ 
duced  by  postcharging  vita  niebiun,  if  it*  content  exceeds  that  of  carbon 


8-  to  12  tines « 


Poetc barging  17^  chroriur  steal  with  titaniun  sad  niobium  else 


has  a.  favorable  effeot  upon  the  zechanical  properties?  of  voided  joints, 
especially  after  arc  voiding.  However,  in  autogenous  weld!  «g  of  17^  chro- 
ndur  steels  containing  titaniun  ana  niobium  and  isith  the  us#  of  cira>e- 
niokol  stool  of  typo  18— 3  (0.05^  C).  as  voiding  rod  natorial.  the  waldea 


scans  still  hare  lev  plasticity*  (58). 


HI<S-T3£?Z3&r«JE3  CXIillIIC5-a2SIS?AJi'2  CHR0KIG2  S72SIS  (25-30^  Cr)C?  liS 

Fsasific  cuss 


Ferrinic  s  Teels  containing  25  to  55^  enroniun  are  usod  as  high- 


teaporaturo  oxidatioa-rosistant  ratcrial  in  muring  fumaco  ruffles,  rotorts. 


jacieTS  of  Thorrccouplos  ar.d  similar  articles,  ,-scaa  heated  to  Ten?er»tur#s 


above  650°  C,  tio  steals  acquire  a  large-grained  structure  and  bii.tloa ess 


which  ccnnoT  bo  eliaiaaTod  by  t-herzai  treater t. 


Hatting  to  475®  C  ir 


exo-w  ceding  iron  high  tenparacur 03  , 
long  at  a  Cenooraturo  n  i7^8  r  •;. 


rasa  the  steel 


remans  su,.  ncieatly  long  at  a  tenporature  around  47*®  C  imparts  to  the 


-tael  still  greater  ori ttlcaoss,  aid  deor eases  its  corr 


roaion  resistance,. 


?he  higher  the  chrcciun  content  is  in  the  steel,  the  greater  toi*  brittle- 
ness*  (55), (55), (60)., 


Satisfactory  neehanical  and 


technological  properties  are  obtained 


In  steels  o'  the  forrdtic  class  only 


in  oases.  when,  after  hot  sechaaicai 


processing  and  short-tie*  annealing  Pig»55.  Dopcndence  of  the 

Ecchanical  properties  of  27% 

at  760-7500  c>  the  steels  aa<joir»  a  chroniu*  steel  cn  heat  tine 

at  475°  C, 

wall-grained  *trjotare,(2),  h* cling 


?ig.54.Tho  influence  of  con- 
tinuoi  heating  at  rising  t=- 
pera cures  on  restoratioa  of 
plasticity  of  27JJ  ccrcna  steel 
aftsr  preliminary  heating  at 
475°  C  in  the  courso  of  503 


?ig,55.Tho  influence  of  1,000 
hour  heating  at  different  ten- 
pors.  wirci  c-n  tho  harases. s  of 
&i.2pyj[  cf  cho  systex  u-osi— 


xftcr  thi e  aaaealiag  uust  be  douo  ia  such  a  K»y,  that  the  tenperature  range 
oi‘  4=0-520°  ray  be  passed  as  quickly  as  possible. 

Th-  change  ia  the  ;tschanical  properties  of  chroxius  steal  in  da- 
poncwnco  upon  the  bias  length  or  heating  at  475®  C,  is  shewn  ia  fig.  33- 
Brittleasss  ia  luout  easily  detect'd  by  iupaot  teats  of  no  tshsd  saaple*. 

So=e  investigators  point  sut  fast  &  daeline  of  ixpaot  tough****  appears, 
already  after  oao  hoar  at  475°  C. 

Subsequent  hasting  to  high  ieuperitur**  nay  lead  ts  s  restoration 
of  plasticity  ia  17J*  chrauivn  steel  sMch  evidently  jx»*  subyeoted  t#  500- 
hour  heating  at  475®  C  and  was  in  a  brittle  atsts  {fig.  34}  o. 

Brittleness  ia  chrosiwu  steel  zxg  appear  ia  conce-pieacs  of  weld¬ 
ing,  especial  ly  of  cassivo  part*.  Ia  such  cases  it  is  recasuondad  to  subject 
the  voided  part*  to  a  additional  sasoalixg  act  rxound  60 0*  C. 

X  soccaa  hind  of  brittleness:  in  highly  ohrexoua  steels  Manifests 
itself  with  heating  to  a  tsnperaturo.  of  the  orde»-  af  700.°  C  and  is  condi¬ 
tioned  by  the  evolution  of  tho  — »  pht jo.  (fag.  55} • 

rent>h arglng  with  alloying  sleaats.  exerts  a  great  influence:  upon 
the  development  of  brittleness  with  a  heating  to  475®  C.  Tt us,  a  pestchaxge 


r* 
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«i »roiir.d  1%  Ze  or  av«r  2.4u)i  In.  accelerates  tho  dovoloMxont  of  brittle- 


* 

v  •  d 


aoss.  A  similar  influence  upon  the  brittleness  of  chraniua  stools  is  exerted 


by  silicon,  sblybdocun.,  carocn,  tad  alusiaxsa,  Snail  cuantities  of  aicxel 
oTicaatly  increase,  while  saall  quantities  of  xitrogen  decreaao  brittloaesa 


•f  highly  chroccua  stools  at  4?S°  Cc 


27%  cbraaium  stools  have  high  rosistsaco  to  oxidation,  Atong  other 


conditiana*  also  at  temperatures  of  up  to  110Pe  C  Is  s  atsoaphere  of  c«*- 


bustiox.  products  of  fuels  w  ih  a  heiyrtoced  sulphur  contest* 


I*  heat-resiatance  the  27%  chrosiua  stools  ,  like  tho  17 %  ehreniue. 


stools,  differ  little  fro*  lfiw-tl Icy  sad  c orb os  stools,  but  thoy  sro 


fsrior  to  S%  chroxiuu  steels  pasted xrged  aith  Jselybdeniw. 


Aa  essential  defoot  of  27%  onrosim  stools  is  thoir  great  iaoliisbien 
to  grain  grewtU.  st  hosting  t'lapers.tureR  shore  800-350*  C  sal  the  foixnfciaa 
ni this  than  during  welsi&g  of  a  coara  o-grpiae d  structure  that  cannot  be 


eliminated  by  thermal  treatesat* 


Alloying  of  highly  chroaous  steels  with  nitrogen  leads  te  groin. 


'  'V 


siso  reduction  in  tho  initial  cor  .ition.  anc  to  a  2l37r-donn  of  the  speed 


/ 


of  grain-grca-ch  during  heating* 

’.’itrogen-c obtaining  cironiiw  si* els.  ©bt-ia  their  best  nschanical 
properties  after  tempering  at  tesueratures  starting  froa  1100-1150° 

An  canealiag  at  tcnporaturcs.  arouse  600°  C  causes  the  dev*  lops  out  #f 
nitric-.;  in  a  sub-aicroscopic  forts  and  brittleness.  This  lisits  the  use 
of  nitro gan-f retaining  chroaiua  steola* 

L  cohbiuation  of  high  sachaaical  and  technological  properties  is 
reached  in  canes  when  4- to  of  21  is  added  to  20-23JC  chrcvu.ua  steels 

simultaneously  arith  nitrogesi  (0.2£-0.38£  F).  In  consequence.  steels  with 
an  austenitic  structure  are  foraed,  -which  in  their  properties  ere  close  te 
ohrone-nickol  steels  stf  type  18-8.. 

Za  detail  the  properties  of  nitrogen-cental  sing  steels;  are  desoribed 
la  articles  (6),  (C°),  (9),  (2)  and  (53). 

CEHCQS-£IC5SL  AJ.'D  CSHCZS-iaSGiSSSS-glCKSl.  SXSS1S  TH3E  AiBiSilTIC  STRICiIHE 

Addition  of  nickol  or  unganesa  to  iraa-chreae  alloys  contributes  to 
the  widening  of  the  V*  region.  Tilth  definite  contents  of  al-:vcl  the  change 
(or  translornation) &  u-irt*g  cooling  is  suppressed,  aurt  the  alloys  attain 
a  couple  tely  austere  tic  structure.  Figure  36  shows  s  structural  diagram:  of 


chrore-niokcl  steels. 


In  cr.rcae-ci ngscss®  it r»l*,  b»:«usc  rang^-sese  is  loss  s''!>ctiT»  a* 


an  su'i.tinito-forr.«nt<  r lf-.-rt,  surucuur^s  of  iatemediate  tr-pe  (austenite 
-h  ^orrlw  or  austenite*^  ffartrnsito)  »re  sore  dovelopod.  (22),  (60), 


Alloying  of  p’nws»Biv*l  steels  causes  a  change  is  the  position 
of  regions  occupied  by  the  phases  (J(  ,.  Y  on  diagram  of  condition, 

(or  phase  diagras.)  The  offoctiveaess  of  the  influence  of  the  allaying  ele¬ 
ment®  upon  the  form ti on  of  ferritic  or  austenitic  structures  is  determined 
by  the  f ollowixgi  An  increase  in  the  content  of  chronic*,  titanjiy,  a  j.ebiun. 


silicon,  tea  talus,  alcslnua  and  solyhdenu*  contributes  to  the  forsatien  ef  a 


ferritic  phase  in  proportion  to  the  quantities  of  these  elements  in  the  ooa- 
tents,  An  increase  in  the  contents  of  nickel,  nitrogen,  carbon,  end  manganese 
acts  in  the  opposite  direction  asd  contributes  to  the  tidecing  of  the  region 


ef  eustesite  and  to  greater  stability  of  austenite* 


To  account  for  the  surrsry  (or  total)  influence  of  the  alloying 


elements  upon  the  structure  of  chrcse-nickel  steel  «  number  cf  empirical 


formulae  is  offered*  (69) 


?h-  grsrbia  irteroretetion  of  cae  of  these  formulae,  usable  alee 


for  !•?  tended  eg  tho  cocposition  of  cast  austenitic  steel,  is  gixen  in  fig. 


S7*.  (6d). 


By  x  aifflber  cf  corks  (11), 112),  (bb),  (54),  it  »as  establishes  test 
•to  presence  in  the  nets  2  or  ttoIcou  seats  of  snail  quae  titles  ef  ferrite  is 
crea  boaefid  al  because  it  cecrcases  tho  foruati  ca  ef  bet  cracks* 

During  prolonged  heatings  at  700-300°  C  or  during  slow  cooling 
froa  temperatures  of  300— 9£0°  C  of  chrore— nickel  steels  a  brittle  later— 
wtallie  Qs^-phsse  (fig*  S3)  is  forts  d  is  then*  Is  s  anther  of  cases  this 
consonant  appears  sad  sly  aim;  the  llaiti  of  graias  sad  lap  arts  to  ataels 
as  exceptionally  high  brittleness* 

£  heating  of  cbrone-nickcl  steels  t»  temperatures  of  900®  C,  sad 
a  bare,  leads  to  s  dissolution  of  the  brittle  ^.-phase-  (73), 

In  recent  tire  it  wee  established  that  th^^-phac*  appears  is 
the  rsj ority  of  (throne -nickel  steals,  which  have  s  widoeprrad  udustrial 
application,  suong  then  is  steel  of  tyre  13-8  postchargcd  with  k'e  and  2T», 
in  steels  of  type  25-20,  25-12,  and  others*  (79)* 

The  cessation  of  the  alpha  phase  ray  proceed  either  directly 
fro*  austenite  or  through  ferrite. 

it  *as  established  that  alleys,  thich  contain  >ng(  -phase  is  their 
structure  have  louor  resistance  to  spalling  fro a  the  actions  of  suzercus 


Fig.36.  Structurel  Liigran  Chrece-Xickel  Steel  (0.07 
-0.1?£  C;  0.20  -  0.4#  ka; 0.23-0. 3 7Jt  Si; (69). 


Fi r*.5a.  ?fe«e  coscitU-ss  of  regions  ia 
the  system  Fe-Si-Cr  for  temperature*  of 
6oO  «a*l  SCO®  C. 


sau  c-joli=r*  {th-r:*l  charges)  than  brirc  alleys  «hnout  ** 


CK  -?ia3‘- 

A  decrease  of  silicon  :ca  chrociun  coatcnt  contribute  to  creator 
stability  of  tho  al  lay*  i^iinct  the  fsrmtioa  «f0(  -phaia*  shieh  decreases 
tho  spalling  of  stool  nMlo  lx  use* 

Stools  of  tyso  2b~l?.  arc  more  susoeptible  to  tho  hcvelepcent  of 
-phase  and  to  spalling  because  they  hairs  a  sat  oiler  contest  of  nicjcol* 
namly*  -«f  the  eleront  nhi«v*  contributes  to  the  development  of  austenite* 

Tho  a coition  of  silicon  (2fi)  assists*  during  protracted  exposures 
to  thorsal  treataont*  the  formation  of  tho  0^ -phase.  Sone-Uaes  in  this  a  tool 
tho  OC -phase  is  emitted.  in  the  fora  of  a  very  snell  dispersing  .  but  orronly 
distributed  particles*  In  those  cases  the  presence  of  such  particles  is  even 
useful  because  it  increases  ho  vt-ccdurascc* 

Cold-dcf emotion  of  <b  roce-sickol  steels  increases  the  quantity  of 
OC  -phase  evolved  during  repeated  heating*  (75) * 

The  stability  of  austsnitie  structure  in  chrore-nicfcel  stools  in 
also  concocted  site  changes  in  the  solubility  a ?  carbon  (carbides)  < th 


teeperaturo  changes*.  (2)*  (70)*  (71) 


Shay  chrcua-cickd  steels,  inducting  those  of  type  15-6,  have  ia 
the  toscerea  state  >  suf  ficiciihly  at -.ole  austenitic  structure,  which  does  w*t 
disintegrate  at  tespe  ral-ures  be  lew  4C0°  C. 

Repeated  heating  of  chrons— nickel  steel*  within  the  temperature 
range  of  -550-500®  C  or  slew  cooling  within  this  r«j»  ,  causes  an  evolution- 
of  excocsiv*  phases  ia  the  far*  of  chrose  carbides  of  typo  CrjjjCg^  (89), (SO), 
(S1),(S2),(»3),  (64),  (121), (57), 

The  appearance  of  th**se  carbides  is  cost  frequent  along  grain  Unite 
and  ia  accomplished  by  deplotios  of  the  bordoring  layers  of  chroca,  in  conse¬ 
quence  of  which  the  steel  acquires  *c  inclination  toward  inter-crystalline 
corrosion,  vfcan  itnio  affoet-d  by  aggressive  cediuaa.  (71), (2), 

In  chroac-ci ciccl  e taels  the  ia«l'a:»t<«*  toward  inter-crystalline 
eorrosi**,  as  a  consequence-  uf  repeated  heating,-  jamif-.-ts  itself  I*  differ  eat 
degrees:  depending  upon  carbon  content,  and  its  force  is  in  proportion  to  the 
Mgnitude  of  that  content,  (fig. 35)  (1?.S), 

A'ith  protracted  heating*  at  temperatures  of  500— 70G*  C,  eyes  «d  eel 
witb  a  carbon  content  of  0.025-0.05  %  acquires  an  inslisstian  toward  in tor- 
crystalline  corrosion*  Tn  these  cases,  it  is  necessary  to  use  ohroue— sicid 

steels  poe -charged  with  such  strongly  carbide— forxiag  elements  as  titaniun. 

-12- 
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*  r' 


ss  c.  mubius. 


Austenitic  chrono-sinkel  at  sola  have  a  nuuber  of  ceculiarfties 


conditioned  by  thair  structures  non-nagsotiss,  non-hardoning  by  tenter— 


isg,  increased  heat-endurance,  and  a_s  a  rule,  goud  weldability. 


"he  r.ost  uidoly  used  chrcna  nickel  steels  have  conpsr*tivel7 


satisfactory  characteristics  of  toughness  and  T«y  hi elastio  properties. 


.  (sea  table  2). 


Toughness  character is  tic 3  of  chrome  nickel  steels  can  be  consider** 


ably  improved  by  cold  hardening,  (cold  rolling.  (76), (77), (76).  drawing,  and 
eta  aping  in  s  cold  state).  The  lia.it  of  strength  say  be  thus  heightened  te 
120  kg/um2  for  sheets  or  strips-  and  to  1GC-260-  kg/m*2  for  airs.  The  yield 
point  increases  te  ICO- 220  kg/sa2.  (2),  (76),  (76),  Simultaneously  plat tie 


properties  decline  end  relatiTe  elcggatian  falls  te  10-1  eji,  Yet,  cold— 


deforced,  aastenitie  chrcna-Eickcl  steel  conserves  a  sufficient  reserve  of 


plasticity  to  alios  bending,  extrusion,  and  even  stamping  while  raking 


various  items. 


At  rcoss  temperature  austenitic  chrose-nicsel  steels  have  a  lowered 


thermal  c^i'acctivity.  However,  at  high  temperatures  the  difference  in  therxal 


conductivity  of  auetcnitic  chronc-nictel  steel,  and  of  steel,  of  the  f-rritie 


cl* £3*  aecreucf t, 


Auatatifia  stools  \rvo  Vfft  coefficients  l'i'  lirii *r  exp*nei**>  which 


IscreTaoc  Tries  the  lacrosse  of  tenpersture.  (fig. 41) * 

Austenite-ferritic  steals  haw#  higher- 
properties  of  tough****  than  *ai-ajy  an*— 


c.  AlKk  A'c-r 
lS 


taaitio  steals:  (£1810  sad  £1611) »  but  they 


*!*•  hare  lasered  plasticity  aid  a  nere 


SpK- 


sharply  expressed  aaiaetrepy  af  proper*. 


Fig.  39*  lendasey  of  lb-6  steel  .. _  _  .  . 

to  iatorciystallina  coirosioa  **  "*  .specially*  1* 


depending  sa  carte*  and  tie*  of 


& 

*3 


V.  soaking. 


V» 


t- 


railed  «taii*li» 

If  aided  joists  in  these  notarial.  bare 
greater  tengh*e*r  than  welded  Joints  in 


aua teal tie  at eel*. 


N* 


Pio4>".  Heat  concuctiYi  iy  of 
diffe,rwfr  c teela  fraa  tempera¬ 
ture  teats  3-AHi£Oj2-firkelf 

5—  el  sith  ££  Cfi  4-steel 
with  17^  Crib-steel  type  lti-fij 

6-  a tael  type  26-20* 
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Fig. 41-  Dspexdenco  ef  the  scan 
coefficient  af  expansion  freu 
tecoera hurts il-stell  BhlH’SI; 

2-  ctsol  typo  26-20  xri th  sedi¬ 
tion  al  Si ;?-st*el  typo  25— 12* 

4— steal  £h5k5— steel  Khl7j6-cteel 
£627* 


eturo  structure 


7;*«s  existence  aa  tsese  3t-els  of  a  aouulo-pnasec  vtr 
5isaf**--ts  its-tlf  unfavorably  curing  hot  processing  by  pressure  ,  hot  rclliag, 
*ad  especial  iy  ia  broaching  pip#  staci*  (95),  (15  6)* 

Austeaito-f erratic  age  able  stoela  of  typo  17-7  pectckarged  with 
titaaau_  -_c  alwjnus,  ia  which  curing  heating  to  450-550*  C,  a  developed at 
of  hi gfc-dispersi  on  okas on  causes  aa  increase  of  coughs***,  begin  to  bo  widely 
usod  as  a  fcifply  tough  and  heat-enduring  anteria*  intended  to  work  at  tempe¬ 
rature*  not  abors  50G°  c* 

Iko  f.-opertios  of  thorsal  conductivity  -and  of  fluctuation*  ia  volute 
i*  aucteaito-f erratic  steel*  are  intemouiate  h»t«reea  thorn  of  ferritic  and 
aastenitio  steel*  .  In o  behavior  of  thceo  stool*  depend*  upo*  the  quanta ta tire 
relationship  of  the  phase** 

During  Ice  disintegr* cioa  of  auatonite  in  austcnite-cartoncite  it  eel*, 

a  great  thange  of  the  coefficient  of  linear  expansion  tak-r  plaee*  (2), (22),. 

7HK  Cfi*Ki?I?ICK  AsD  PEQPJ2TIE3  0?  r.KRixS-JiICKHL  S&23S  CP  TIE5  16-6  AH1>  iP 
ins  16-a  nils  UTASIIK  OR  HIC3IUK 

Chrese-nickel  -?-«el2  ’ri.th  ~li  carbon  couUav  c)  or  bran* 

uchl5h3  has  a  comparative^  limited  use,  nainly  «  electrode  wire  fer  aolc- 
ing  steels  uS  brands  lie i da  9  and  lKhlfiT«12s*  The  corrosion  resistance  of  these 
steels  and  their  voiced  joints  cepcnc*  to  a  great  extent  upon  carbon  content* 


-lc- 


?he  s«0  3sr  the  corbca  content,  the  ;j-w  the  resistance.  I*  this  case,  it 
is  Doit  to  use  stool  with  *  carbon  content  of  O.Oc-o.O&J  C,  taxing  car#  that 
iks  total  carbon  content  ia  the  welded  scan  docs  aot  azcocd  0.C5-  0»0t>>  C 


(fig.  39). 


Steel  16-3*  even  uta  a  vary  lcnr  carboa  content  (0»0S-0.06>  C)  in 
aot  ucabla  for  long  periods  of  vtork  at  500-800®  C .  without  it*  af terchargixg 


with  titaniun  or  aioblua,  because  ia  these  condition*  it  atill  acquires-  a* 


incliaatiea  tearard  inter-cry* tallir*  corrosion.  and  disintegrates  quickly 


under  the  influence  of  stros^ly  aggressive  nediunse 

V  _  r?  |  . * - StMls  ndth 

v 

'\3: 

f-J  tboie  of  brand s- 


Steels  with  larger  carbon  content. 


tbo-ie  of  brands-  lEblGCS  sad  2KhkS£3  acquire 


1-0  . 


a  very  strong  inclination  tc  inter— crystal J in# 


oerresioa  ahem  they  ore  subjected  even  to 


transitory  heating  (for  instance  in  welding) 


.  -  -  - :  wit  bin  a  range  of  moderate  temperatures* 

^  Fig.  42-  In ‘'incuse  of  see- 
tinuoas  preliriaary  heating 

curing  different  temperatures  therefore,  they  are  used  for  the  asking  of 
of  tempered  cent  chrome  steel 
with  O.V7J  Cj  10fi  Cr,  and  9j»  X 

on  corrosion  resistance  in  boil-  itens.  which  by  the  technology  of  their 


sil  u  aU  *C1U# 


production  are  not  subjected  even  to  nooeetary 


/ 


c’.rr.in  m-i  rsago  of  socoriw  tci.:icrati«roc,  or  nj-ich  else  aftor  reiciag 


arr  teicceree  I'or  5i.ft*al*.io 

Xig.  42  ?r.a\rs  xis*  influence  of  heating  duration  at  different 
topporsture*  of  touperia;;  cast  ateol  is-r  containing  n,12£  •**  •»*  hoi  lie  g 
66ji  nitric  acid .  Tempering  at  f roc  S80— 1200*  C  resteres  corresicc- resistance 
•f  the  steel  very  quickly o 

Basically,  the  steels  of  brands  lEkl6H9  and  ?£hl8K3-  are  used  as 
■cold -hardened  material:  for  raxing  light  sad  lightly  teugh  parts  of  air-planes, 
buses,  eto.;  viiicb  are  t»  be  joined  by  spot  or  rollor  aro  welding-  (2),(7G), 
(77},(7B)»  Chrsco-cangnane-e-cickol  s toe In  of  brand  XK15GSK4  (211«>)  ia  also 
used  for  the  sane  purposes*  (2), (79}* 

Steel  KhlZGK4  has  Tmzy  goad  corrosion  reals tanae  in  atcoapherio 
conditions  and  in  a  aunber  of  not  w**y  aggro snive  nediuauu  (79), (BO), 

The  properties  ef  nhrese-nickel  steels  at  high  temperatures  and  the 
changec  that  proceed  ia  then,  are  pointed  out  in  articles  (81), (82), (63), (84), (55), 
(86),(4S),  and  (2), 

The  soct  corroct  solution  of  the  problen  of  elininstiuc-  info*. 

-  a,  "*• 

crystalline  correct cn.  in  chrac-e-aiusei  steels  of  type  ltJ-e  nith  titaniun 
(steel  of  brand  £l82S)  or  rlth  niobiua.  is  a  sharp  lowering  of  carbon  content 

—17— 


* 


vcctrs  to  0,95  or  cx  l«*st  to  O.CG,,} <>  This  low  carbon  content  is  necessary 
in  oroor  oliijnuto  corrosion  of  the  cutting  typo,  which  develops  along 
the  junction  ztn  o  of  weld  no  til  ana  bass  fioh*l.(12)  sr.d  (120}<> 

Corrosien  rosistanco  of  stacl  IKblbHbT  in  nitric  acid  deponds  to 
a  great  extent  upon  the  composition  and  the  stats  of  ths  stooli  sad  upon  tho 
conditions  of  ib3  thermal  treatment,  3+eel  lKh!69X  has  a  very  low  corrosion 
recistacco  in  a  hot-rollsd  stato.  There  fore,  itex*  made  fro  a  rods  and  forgings 
cast  be  subjected  to  tempering  at  1050°  C  and  cooling  in  water  or  in  siro(lhl)  • 

It  has  been  established  that  OTer coating  of  stooli  during  thermal 
treatmat  or  d-'ring  welding,  inparts  to  article  s  Bade  of  stool  1X316X92  am 
inclination  toward  iwtor-cr/ctaUine  corrosions  especially  whoa  the  corres¬ 
pondence  of  titanium  and  carbon  lontonts.  is  on  tho  lower  linit  according  to 
ths  formula  of  G0P3  (All -Union  Standard}  6132-68.  (8) 

A  stabilizing  annealing,  consisting  of  a  two-hour  heating  at  870-500*  C, 
when  applied  to  hot-rolled  steel,  ell-i  nates  in  tho  majority  of  cases* the  tendenoy 
toward  in tor-cry. *tul iiae  corrosion,  but  it  dees  not  always  secure  high/  corrosion— 
retistanoo  in  nitric  sold.  Tempering  at,  from  1050-*  C,  and  2-hour  hosting  at. 

670°  C  procu'c-  bettor  results,  because  this  does  not  inpart  to  steel  aery 
indication  to--*;rd  iator-cryctalliuc  corrosion  and  secures  high  corrosion— 

-*K-;t=mca  to  nitric  acid,  oven -T^-Cta  after  tho  heating  at  650°  C  for  ?  hovrs.  (t»bso) 
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Fl"*  42 *  of  the  ratio  of  th#  cowtert  of 

ti-Uai-K  to  carboa  «d  h**t-tre*tioS  oa  th.  Jator- 
cryotalliao  corr-sioa  of  ctro=o-*ick.l  stool  1B-8; 

U)  hsrdoaiag  «ith  93GC  C  i,  »fr  (b)  b*rdo««£  ^ 

96C  °  **  *lr  M  hwdeaiag  *itfc  10S0o  C  i«  ~,*.r 
(gi  harricaiag  vdtb  106Q°  c  is  *ir„ 
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Fig.44.  Influence  of  sdoition  agents  of 
tltaniuc  05  corrosion  resistssso  of  senile 
welding  froa  18-8  stool  with  ta.ts.aiaB>  welded 
free  layers  of  different  thicknesses;  X-Loss  of 
woight  curing  first  100  hours*  tested  is  boiling 
5Qj>  nitric  acid  -II-  ITuring  the  second  100  hours 


of  testing. 


X 


1VT-*8**"  poll  p»rto>t-*o|{ 


It  ca;»  «*s  fcablisjcd  th».t  rac  ecnit'oa  »:  iitaniun  t-  1  -8 

stoela  ozcrts  a.  cctriw'-atal  influence  oa  the  corrosion— renin  tanee  ef  welded 
«c»rs  .  la  corps  ri  son  wi  th  16-8  steel  containing  0.0:>?  C.  the  correties- 
res ietaace  of  valo'od  Joi*  ta  of  13-5  steel  with  ti  taei.ua  behoves  considerably 
nor so  *d  th  increase  of  sheet  thickness,  (fig.43  and  44). 


la  article  (e7)  it  i*.  pointed  out 
that  al»eiaua  .  which  usually  is  aet 
contra  11*  a  by  chenioal  analysis.  exerts 


greet  influence  whea  the  coatoat  of 


Fig.  45.  influtnce  of  /.lu—iaun  con¬ 
tent  in  steel  on  rate  of 


chreniiaa  ia  the  steel  increases  and  the 


corror.on  in  6=>i  toiling  nitrio  content  of  nickel  decreases*  (fi'.ib) 

ocid:  i  -  lS.3jt  Cr  end  12?  t'i.0.67?  “ 

"it  3-13.2?  Cr.ll?  ki0.52?  li; 


V-  IbeCj;  Cr.10.5?  ai,  0.55?  Sit 
G-  20.5?  Cr,10,4?  Ki,0^5C?  Xi' 


It  has  be-a  established  tint 


the  s»re  ferrite  there  ia  ia  st*«l  !K«laS&2,  the  lower  its  c 


orrosien-resistaace 


in  <Ua3  crcat  r  nj  u— — She  nore  ferrite  tnere  is 


in  tt«  steel,  the  greater  is 


the  difference  between  tho  periphery  aad  the  saddle  of  a  sane  and  the  -r. 


the  sifforeace  of  contents  ia  these  parts  of  the  zone, 


FIG.  45*  Influence  of  aluxisun  contest  in  1KM3H9S  steel  on  rate  of 
*  corrosion  in  65 %  toiling  nitric  acids  A.  18.3?  Cr  snd  1 2?  Si*  0*67?  Ti 
3  -  19.2?  Cr*  11?  Si*  0.52?  Tit  V-13.8?  Cr*  10*5?*  Si.  0.55?  lit 
G-  20*5?  C£  Cr*  10.4?  Si*  0*60?  Ti 
Dr  dim.  fee  x  Bate  of  corrosion  (=/yr) 


uses  t r.t  cistri  Duties.  of  t:  c  I" orrizi c  co-roncct  in  cue  steel  tree 

sufficiently  ur.ifom,  no  aifforencos  is  cerr*Bien-r»5istaxce  of  different 
zones  of  IKhiSiilC  r^-cel  in  nitric  *ci c,  acd  in  a.  nunoer  of  other  «»ciuns 
were  cetected.  (224)-  I*  this  case  no  difference  r-anxfefiis  itself  between 
the  corrosion-resistance  of  y-.r4.ly  austenitic  steel  and  of  austenite- 
ferrite  steel.  (2),  (124) 

Ka  connection  atatsoerer  cot»lo  be  established  in  the  steel  between 
the  inclination  toward  later-crystalline  corrosion  and  the  quantity  of  tho 
-chase  aonponaut  (l-22j{)» 

In  cases  where  parts  are  intended  to  work  at  high  temperatures  in 
correal raly-eggrossive  ueaiuns  or  when  they,  after  work  at  high  temperatures, 
are  subjected  to  tho  actio*  of  such  codiutn  ,  the  content  of  titaai*o> 
niwiut  is  tho  steel  asst  be  sufficiently  high  (138)  in  relation  to  caries. 
The  properties  of  these  stesls  are  elucidated  in  detail  in  article  (126). 
C£ai». ii&-32C££L  STEEL  (F  TY7~  13-12  uISK  i-OLTBESSUI 

The  addition,  of  chrctae-nicVel  steels  of  type  el  6-8,  36-12,  and  16-13 
■with  a&lybjUnnc  toe resaes  their  cons n  cu— 1  rtj sxanse  in  a  nu— bsr  of  cho— ically 
ancressiv*  s»cIh=ss  in  diluted  sulphuric  acid,  in  solutions  of  sulphate  alkali 
used  in  the  psper-nakicj  iaauetiy,  in  solutions  of  calciuc  hypo  chloride,  etc. 
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i 


Tihes  t cistributioc.  of  'Uio  forritic  co-.r-orent  ia  the  steel  way 


sufficiently  usifatt,  no  cifferencos  ia  corrosion-resistance  of  oil'fereet 
zones  of  l&hlSXST  ;teel  is  nitric  acid,  and  is  a  number  of  other  uociuas 
wore  c-tected.  (124).  Is  this  case  so  aiff  crane*  ranifest*  itself  between 
the  corrosion-resistaacs  of  w^r«.ly  austenitic  steel  and  of  austenite— 


ferrite  3 tool.  (2),  (124) 

Xo  conn actios  whatsoever* could  be  established  in  the  steel  between 
the  inclimatioa  toward  later— crystallise  car retie*  and  the  quantity  of  the 
-phase  consonant  ( 1-21>) . 


{  Is  cases  share  parts  are  intended  to  work  at  high  temperatures  ia 

corrosively -aggressive  aediuss  or  when  they,  after  work  at  high  teaperatures, 
are  subjected  to  the  actios  of  such  csdiuca.  ,  the  content  *f  titanic  qmd 
niebiun  ia  the  steel  aunt  be  sufficiently  high  (138)  in  relation  to  oarhea. 

The  properties  of  the**  steals  are  elucidated  in  detail  ia  article  (126). 
CBSCKILH-XICHEL  STEHL  C?  XYrE  18-12  SISK  20LYBIXXU; 

The  addition  of  chroce-nicVel  steels  of  type  ax  6-8,  36-12,  and  16-13 
— ith  nolybderuu:  i=cr-s--a  laeir  corrcsmo-resistaae*  in  a  suabsr  of  cbenically 
*|-y;r*ccivo  nsciusss  in  diluted  sulphuric  void,  ia  solutions  of  sulphate  alkali 

* 

used  in  tho  psper-sakieg  iacustry,  in  solutions  of  calciun  hypochleride,  ere. 
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rhe  vcoiti.cE.  of  r.clyboorutr-  to  thc*o  :totli  ais®  increases  choir  heat- 
oscursscc  properties,  which  aro  utilized  is  gas  turbine  and  other  iastalla— 
tier** 

Chroae-ai  ckel  uclybcecus  steels  of  type  16-12—3  acquire  with  a 
cob  teat  of  uoro  thus  0.07 -f,  carbon  &  tendency  tmrd  iater-cryatalline  oor- 
rccisa.  curing  voiding  or  slow  cooling  and.  especially*  during  protracted 
boating  id. thin  the  rang*  of  sodorate  tenporaturns.  Tinea  affoctod  by  aggresaive 
nediis-s  those  rtoels  or*  very  quickly  destroyed  by  ia tor-cry stalliao  corrosion* 
In  such  casas  it  is  expedient  tp  use  chrc*#»aick«l«colybi»*i»  steals  (aitk 
seditions  of  ti  tasi.ua}  of  brands  KhidJi  1 2n2T  and  KMc6ifl?l!3I» 

Ey  itself,  adding  aolybeeaus  to  cbro-a-nickel  steals  decreases  the 
tendency  toward  inter-crystal  lias  corrosion  to  a  certain  extent *  but  such 
corrosion  is  eliminated  catple tely  and  only  idien  the  carbon  cemtoct  is  very 
SB*11  (up  to  Crl>i>).  She  cosditicas  under  which  chrose-nickel-xelyboesna 
steels  acquire  a  sufficiently  complete  rssistssco  to  inter-ciyetallisa 
corrosion  sro  pointed  out  ia  artiulo  (70).  It  is  1  increase  in  the  quantity 
of  the  ferritic  phase  in  those  steels  that  increases  their  rreictaeas  te 
intsr-crystailice  corrosion. 

Tabic  a  nho-s  tse  corrosion  resistance  of  chr Jse-cickel-rolyccecun 


if  zr.c  uolynceci zz  concoct  in  ;;w  lo-l£  r.tetl  with  0.03>  0  uocs, 
act  oxceed  Z  jj,  thee  boiling  nitric  acid  coes  cot  rrocuco  ur.  groat  de¬ 
struction,  notnitnstanaing  tho  presence  of  the  ferrite  conuenent  io  the 
etael.  (70) , 

A  large  nelybdentes  content,  oven  site  high  content  of  nickel#- 
sharply  cccrc»=e£  the  corrosion-resistance  of  the  steel  1a  boiling  m trie 
acid.  This  is  explainable  by  the  feraatioa  ef  the  -phase,  which  contains 
a  large  quantity  of  nolyhf'eimr.  (fig.45)-(126), (130). 

The  corrosion  resistance  of  netal  welded  on  to  chrcciicc-ni  chel— 
Kolyooenus  steel  depends  upon  the  quantity  of  ferrite  in  the  structure 
ana  the  conditions  of  heat  treatment* 

The  best  resistance  was  ahora  by 
steel  a aspics  after  their  tempering  for 
austenite  from  1065*  C,  or  after  stabil¬ 
izing  at  845*  C.  A  heating  of  steel  at 
a  temperature  o£/V650*  C  considerably 

»*i;-.d5. Influence  of  wIv'kiS'c: 

content  ef  steel  type  13-3  and  decreases  ths  corrcsior-resictascs  of 

is-jZ  O'-r  r.orro««-i-resi.'tsaos 
in  sty.  bolting  nitric  acid  and 

in  on  acidificc  solution  of  welded  joints-  chan  particles  of  the 

copper  vitriol  with  sulphuric 

sold. 

-phase  esc  carbides  we  located,  along 
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Paige  008  ci'  t;;e  original 


FIG*  46s  Influence  of  nolytienus  content  of  steel  type  19-9>  and  19-12  oa 
*  corrcsi  on-rosi stance  in  65j2  boiling  nitric  acid  and  in  an  acidified  solatia 


of  cooper 


vitriol  with  sulphuric  acid* 


ordinates  rate  of  corrosion 


abscissas  %  Vo 


first  curve  to  lefts  steal  Steel  KhlSSSb 
second  curve  fron  lefts 

third  curve  fron  lefts  Steel  SEL3212  (65^  HSOj  ) 


i 
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tt.e  sc*iac ec  of  ^rsins  in  the  sns-pc  of  highly  cispcrs local  unbroken  laru tios* » 
t.-.e  TJdiC  joints  save  la=  co rrorioa  resistance®  (129) 

Coagulation  of  ci-particlea  increases  the  corrosion  resistant!*  of 
chroxs-nic  fcr.l--olyb-in-.cun  steel* 

itcorcis^  to  article  (129)  it  i«  better  when  the  content  of  forri t* 
in  the  netal  of  we lccd  seams  sosewhat  exceed*  1-4  Ji®. 

In  cases  wher*  the  steel  Is  intended  for  ♦or!  at  hijb  temperature  a® 
tie  generation  ofQ^-phaae  1*  undesirable*  Th*  best  resultr.  are  sfccsa  by  a 
steel  r.portzi  as  typ*  lb- 12— 3,  which  has  a  scalier  re„-»U**it  «»f  clircxe  and  a 

* 

ieigb^ed  content  of  nickel*  titan  ima  and  niohius  to  chrore-nlckel- . 

t.clybdeaun  steel  re euros  the  tendency  to»«rd  Lit-r-cry- tallies  corrosion, 
phj.cj"  » s.3  a  result-  ••f  r».-<tirij  sh  po-'.-^rae*  U  utr*ti»«»  ^n*  tendency 
cf  thin  steel  to  the  formation  of  QH  -phase  iccr-a »»»!.  «eith  an  increase  of 
titari !*:-  »r,c  ziobiurt  contents  (72} 

For  the  welding  of  ibrn’se-niclo.i-nnlybdoaun  steel  19-S-2.E,  added 
■»1  «5»  around  0.3  3b  i ;  used*  In  >rn]«!ad  ydtss  this  st-el  ha*  z.  suffict-nt 
^iwti  h  *"*  ferrifcs  v'-.ioh  is  vnr;  import* st^  for  slirla^tiiw  not.  •:r*oi»,(5<) 


,oc_ 
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/ 


t 
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la  prac cico  tais  steel  is  used  cf  ter  tempering  it  fro n  1100°  C 


me  co-jlia;:  in  muter  or  oil« 


Steel  23-13  is  used  widely  is  a  high- temperature  oxidation-resistant 


cite rial  for  heated  pipes  and  jet  apparatuses*  Steal  23-13  with  a  carbon 
content  above  Q.OSjJ  and  with  large  grain.  acquires  a  tendency  toward  iatar- 


crystalline  corrosiam  after  being  heated  at  terpemtures  of  600-300°  C* 
and  di sints grata s  then  affected  by  highly  aggressive  nediuBS.  (84)  Heat¬ 


ing  to  hitler  temperatures  does  not  cause  this  phenomenon* 


C0UPJ3ITICK  ASD  r?.QP2xTI33  CP  CHK01E-SID2S3.  STEEL  0?  TYPE  25-20 
T.TTH  ilUSITKES  C?  2.5>  Si. 


The  so  steels  have  a till  greater  resistance  to  oxidation  at  high  tempe¬ 


ratures*  and  especially*  in  at  atmosphere  of  combustion  products  of  fuels 
with  an  increased  sulphur  content*.  In  de-oxi dicing  nadiuna  this  steel  has' 
a  higher  resistance  again  at  (***•**#•**•»)  in  comparison  with  commonly— 


used  chr one— nickel  steels*  Tho  addition  of  silicon*  howovor*  increases  the 


tendency  toward  evolution  of  theQ^-phaso  curing  protracted  heat  Lag,  .tich, 
as  is  natural*  lowers  somewhat  the  plasticity  of  the  steel*  Hepeatad  heating 


to  tcapcraturoc  of  Cy- phase  dissolution  elininatos  brittleness. 


»  . 

; 


Steel  18-2C  tc  -w;ich  silicon  has  been  is cod  is  usori  a*  a  heat-ro  sir- taut 
material  for  caking  stressed  parte,  working  at  temperatures  up  to  1,000°  C. 
(fumaco  and  boiler  fittings),.  la  connection  with  a  high  nickel  contest  the 
at=cl  la  insufficiently  resistant  to  corrosion  by  gas  is  combustion  procucta 
of  fuel  with  as  increased  sulphur  content*  (15), (2), (22),  The  steel  acquires 
a  tendency  toward  inter-crystalline  corrosion  after  protracted,  repeated 
heating  at  600-300°  C,  Scat-enduring  properties  of  the  steel  are  satis¬ 
factory  up  to  tesnsraturea  of  {*■*****•)  —  750®  C,  The  plasticity  of  steel 
1&18JS2532  is  lotr*  (45) 

CGhTCSITICS  £KB  rRG?£HI13S  U?  STE2L  Eh202l4S2 

This  steal  has  a  high  resistance  to  corrosion  by  gas.  It  is  used  in 

raking  parts  of  ovens  and  furnace  fittings  •  la  its  heat-enduring  pre  er ties 

this  steel  is  close  to  steel  of  typo  13-8,  but  has  lower  plasticity*  (46) 

THE  CuSPOSITIiE  ISi)  PH0?iHTI£S  0?  CKHDIS-HICXEL  ST2SL  CF 
TITS  14-14  TITS  iX  ALDITICS*  CF  TUSGSTSb'  AHD  *0Lr3D25oli 

Steel  l£hi4H1432S  (51257)  This  steel  was  intended  for  caking  higb- 
pressare  boilers  working  at  temperatures  up  to  600°  C*  Its  hoat-enauring 


(29) 


proper  tics  -.re  superior  to  steel 


jtecx  oi  typo  18—  8  sit:;  titiai’js  Tii  niobim 


~  is  ciojs  to  Stool  Oi'  r.po  16-12  with  3;.  Ho. 

^  *=ss—«l  <*5i'ect  or  stfcol  lShltU432U  is  its  tendency  toward  intar- 
crystailiae  corrosion.  Cases  of  rapid  ceconpocition.  as  a  consequent  of 


iter-cry st-lline  corrosi 


ion  have  seen  noted  in  working  conditions  of  hi 


nzgh- 


prossure  sailer  installs. tionse 


A*'  tee  ?rasoct  this  steel  is  realised  by  steel  2I257X,  which  has 

ra  tendency  toward  in tor-crystalline  corrosiojc  and  is  distinguished  ay  a 
sufficiently  high  hcat~an durance.  (131) 

C0K?£!i7  A3D  C01P0SITIS3  OF  CHS(£2-SI02Sl<;(SEEa^w^B52aiai  ACID-iiHSI32nOT  ST22IS 
Those  steels  usually  have  an  increased  contest  of  nickel  with  8  or  16> 

Cr.  meso  steels  css*:  into  especially  widespread  use  after  the  warr.  Table  1 


iires  the  chemical  content  of  steel*,  that  a 


xe  corrosion— resistant  in  sulohuris 


and  hydro calorie  acids*  (9j»(I3}.{14)* 


•* u^cls  px  typo  18-25— iiio-SCu  show  high  ccrrosi  on— res is  t 


tance  at  roan 


end  heightened  toKocraturss.  The  loss  or  weight  at  t£)50  p  in  oft'  « 

°  v  -Vr  S^-lUvavi* 


>f  sulphuric  acid  dees  not  exceed  1  g/n2  £*,-  hoasv 


magnitude  re¬ 


calculated  into  th*  depth  of  corrosion  is  equivalent  to  a  netal  loss  of  1 


'  ~  -  ' 


*  \  > 


At  temperature  tele*/  cC°C  the  depth  of  corrosion  does  not  ercecd  0.2  ~/yr. 

Fir;,  bj  shovs  changes  in  the  corrosion-resistance  or  three  steels  of  this 
type  in  sulphuric  acid,  at  60  end  100°C,  depending  upon  the  concentration  of  the 
acid  (9). 

Chrore-ni ckel-nolyhdenun  steels  "belong  to  the  austenitic  class  end  possess 
high  properties  of  toughness  and  plasticity  (see  table  2} . 

Properties  of  toughness  nay  be  irgsroved  by  cold  plastic  defornation  of  the 
steels.  Cold  defornation  changes  only  slightly  the  corrosion-resistance  of  steel 
lS-28-b  ¥a  (•*****)  in  sulphuric  acid  o?  different  concentrations  (5,  10,  and  20jS. 
ibis  shovs  the  possibility  cf  casing  parts  ay  cold  defoliation,  and  of  simultane¬ 
ously  increasing  the  toughness  of  the  steel  velds  veil,  "but  welded  joints  not¬ 
withstanding  very  sacll  carbon  content  and  even  additions  of  titanium  sonatinas 
acquire  a  tendency  toward  inter-crystalline  corrosion,  therefore,  iters  mac 
of  steels  20.535  aztf.  20.530  must  he  subjected  to  thermal  treatment  after  velding, 
or  to  quid  cooling  during  velding  (13). 

Steels  of  type  0-35-^-^-^  end  S-32-t-h-i  investigated  by  the  author  of 
this  article,  deserve  special  notice  (see  steels  no.  end  17  in  table  1.) 

Without  chrome  or  vita  a  lav  chromium  content  (£>•}  they  have  no  inclination 


sulphuric  acid  diluted  5  -  yOy  et  icrperature  u?  tc  30  -  100°C.  Is  — jst  be 
rated  that  a  hi  .-her  corrector  resisterce  in  sulphuric  acid  is  shove  by  alloys 
bused  os  ricicl  vith  rolybdenur  end  silicon  (Eastalloy  3  •***«•)  (110),  (HI), 
(H2) ,  (114),  and  ierrolite  (10),  (s6),  and  (65).  Alloys  ferrosilic  vith 
rolybderun  (>315)  and  Eastallov  3  also  have  high  resistance  in  hydrochloric 


acid.  (fig.  «-»=*} 


# 

FlG.  2he  liaQ.cer.ee  of  sulphuric  cold  concentration  upon  corrosion 

resistance  of  steels  21553 j  21533  end  21c29- 
A)  (upper  parts  of  dio^raus):  At  100°C 
b)  (lever  parts  of  diacrars)  at  8CrC 
Curve  I:  for  50  sours 
2:  far  100  hours 
3:  far  200  hours 
Crdimte:  ?°r  hour 

Abscissa:  Concentration  of  HgSOj.  lyr  > 
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Fi£.  48.  Corrosion  resistance  of  alloys  Eestalloy  3  an a  C  in  sulphuric 
and  hydrochloric  acids  of  different  strengths 
Ordinates:  Sate  of  corrosion,  in  in  per  year. 

Abscissa:  (first  and  second):  Concentration  of  H2S0i- 
( third) :  Concentration  of  3d. 

Legends:  xgper:  1)  Alloy  2,  2)  Alloy  c,  3)  C 

lover:  1),  2)  and  3)  Boiling  acid 

Sable  10.  Clerical  composition  of  corrosiar-resi start  chrome-niches  steels 
vita  additions  of  copper,  molybdenum  and  silicon. 

1)  Brand.  2)  Average  clerical  composition,  in  £,  3)  other  ciercnt 
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£  -cr.era 


I  qua^rf Icaticn  demanded  *'r  .he.  -  ’.ng  materials,  is  rich 


resistance  to  deformation  and  destruction  under  3  -Imultsneous  action  of 


res  and  stress.  Vs reorer,  heat-enduring  materials  must  resist 


destruction  by  corrosion  caused  by  the  influence  of  hot,  end  sometimes 


aggressive  rases. 


therefore,  heat-enduring  materials  must  be  at  the  sense  tire  also  hi  ea¬ 


ten?  erature  omidation.  resistant. 


i3ie  basic  classes  of  heat-enduring  steels  and  alloys  (in  the  order  of 


increasing  heat-endurance)  are: 


l)  Cbrone-silicon  and  chrotst-silican-solybdeinsa  steels  of  the  perlite 


class  (sil chromes); 


2)  Highly  chroma us  steels  of  semi-ferritic  end  ferritic  classes; 

3)  Chrome-nickal  and  chrome-manganese  complexly  alloyed  steels  of 


the  austenitic  class; 


h)  Alloys  on  the  basis  of  nickel,  titanium,  cobalt,  chrome  and 
molybdenum. 

CHECK2-SIEIC0K  ZZZ  CHHCS-SIIlCa^I)Il'?2i2li:  SEELS  0?  TEz.  PERU'S  CLASS 


(SILCHP-OZS) . 


.or 


valves  of 


i 


Silckremac  are  used  mainly 


nting  inta.-:e  am  e-mr 


rector  end  automobile  expires  (table  11 ). 


lie  critical  points  of  silchromes  are  very  high;  tempering  temperatures 
range  iron  552  to  12C0°C. 

Annealing  after  tempering  is  cose  at  ?00-8»0 °C  to  obtain  a  sorbitic 
structure  vita  hardness  of  =  2p  -  35. 

Silchromes  are  very  sensitive  even  to  fluctuations  in  the  conditions 

of  themal  treatment.  Ihis  my  cause  considerable  brittleness  and,  specifically, 
the  breaking  of  valves  at  worm.  A  high  content  of  silicon  end  chrome  increases 
the  tendency  toward  brittleness  fron  annealing  (fig.  ^9)  -  An  addition  of 
nolybdenun  somewhat  decreases  this  brittleness  and  the  tendency  toward  grain 
growth  during  heating. 

A  positive  influence  cn  decrease  of  brittleness  of  silchroces  appears 

also  on  nickel  and  tungsten,  lie  properties  of  silchromes  during  high  tempera¬ 
ture  are  illustrated  in  tables  12-15  2nd  in  fig.  50  and  51- 

3s  alloying  of  valve  steels  simultaneously  with  cfcrone  end  silicon  is 

com  mainly  to  increase  high-temerature  oxidation  resistance.  She  joint 


influence  of  chrome  and  silicon  upon  the  increase  of  resistance  to  oxidation 


at  high  temperatures,  is  illustrated  by  the  diagrams  on  fig.  52  and  53  (1). 


recacsc  it  Is  necessary  to  preserve  a  definite  level  of  technological  propert.es 


/ 


% 


V 


?is.  *9.  Sis  Influence  cf  emealinc  temperature  upon  the  resilience  of 
silcnrores  (M.  Y.  Pridantsev).  After  enneall ng:  slew  cooling 
vlth  the  furnace 


Cc-~ositicn  of  silchrcccs; 


1) 

o.4$  C, 

2.252  Si, 

9.072  Cr, 

0.312  Ko. 

2) 

o.4$  c. 

2.752  Si, 

8.442  Cr, 

0.39$  Ms. 

3) 

0.432  c. 

2.732  Si, 

10.21$  Cr. 

*) 

0.412  C, 

3.62  Si, 

8.92$  Cr. 

Ordinate;  Jqj/ca2 
Abscissa:  Scrperatsre  °C 


51C-  53*  resistance  "to  creep  of  steel  KnlCSS!  {HH07} 
Ordinate:  Yield  point,  in  scA=2 
~r'L“  ’  *  *  ox  creep ^  ill  *j  ccr 


L-% 


Fig.  52.  Ztensile  strength  of  steel  ShlO S2K  (21107). 

2 

Ordinate;  Lindt,  in  hgj~ 

Abscissa;  Tire  until  destruction,  in  hours 

Sable  12;  I-jechauical  Properties  of  Silchrcoe  Keric  3h552  (Short  Tine 
Testing  for  Expansion) 

2)  Test  tezneratures  in  °C 

2)  Unit  of  durability  (*3  in  SS/l-2?) 

3)  Unit  of  proportionality  ("i  TS  in  KG/fe2 ) 
t)  Expansion  in  'p 

5)  Contraction  in  £ 


13*  Mechanical  properties  or  sllchro =e  of  brand  KhlOS::«  (KIl'T) 
(Chort-tim  tests  Tor  tensile  strength.  Haemal  treatment 
of  samples;  tenderin':  at  free  1010-105D°C  in  oil,  annealing 
at  750  ■*■  30°c,  coolin':  in  oil.) 

1)  Test  terperasure,  m  °C 

2 

2)  “Tensile  strength,  in  -<c/~ 

3)  Helative  stretchinc,  in  fp 

t)  Karrovins  (contraction)  of  cross-section 


-l2- 


'T  -jIc  1-’-.  lesi stance  zo  creez 


I-  <•-  -il-hrczc  or  crane.  ;j~JL3; 


1)  Test  tamer  azure,  in  °C 

2)  1 trees  (or  strain),  in  h^/m2 

3)  2a tc  of  creep,  in  '/  for  103  hours 
h)  General  deformation,  in  m/m 

5)  Test  temperature,  in  °C 

6)  Stress  (or  strain)  ha  jpe/m2 

7)  Sate  of  creep,  in  >  for  103  hours 
3)  General  ceTomation,  in  m/m 


15.  Mechanical  properties  oT  steel  Shl3n7C2  at  increased  temperature, 
(Short- tine  test  for  tensile  strength) 

1)  Test  temperature,  in  °C 

2)  Tensile  strength,  in 

3)  Test  temperature,  in  °C 
Tensile  strength,  in  hjj/m2 

5)  ootc:  /nrnal^ns  at  S70°C  (durinc  p  hours);  cooling  at  a  rate 
Oi  100  per  scar,  further  coolins  vith  the  furnace 


_ 


ar.d,  specifically,  of  defemrbriity,  -oho  silicon  concent,  ns  n  rule,  does  not 
crrcced  2.lr~y’j.  It  rust  be  also  kept  in  nine  that,  if  vith  6-Si  of  Cr  the 


silicon  content  '-ill  erceed  3-5?,  the  steel  uill  become  ferritic  end  non- 


tougkernble  by  zethods  of  therm!  tr entreat.  Ihis  rust  be  taken  into  account 


vhen  processing  chrone-silicon  steels,  the  mechanical  properties  of  vhich. 


in  general,  ere  not  high. 


Ss  follcving  steels  ere  used  (2)  abroad  for  miring  valves:. 


1)  Steel  containinc  0.6-?  C,  1.5?  Si,  0.5?  J2i,  o.C?  CH,  0.5?  Jto 
(average  content).  2a  steal  has  good  resistance  to  creep  at  fc50-S50°C 
(table  lo).  Eosrever,  it  crldizes  ccnnnrativdy  quickly  at  tcroeratur es 
above  70C°C.  It  is  tzsed  ably  far  intake  and  exhaust  valves  of  automobiles 


and  for  valves  of  lovr-powercd  aviation  rotor.  After  tempering  at  iron  960°C 


in  oil  and  a  mealing  at  7vO°C,  the  steel,  at  20°C,  has  the  foUouing  properties: 
yield  point  of  TO  he /ns  ,  elongation  of  20?;  narrowing  of  cross-section  VjJ 
of  kQ;. 

2)  Standard  Snglish  valve  steel  for  automobile  engines:  It  has  an  average 


-  ..  * - ju  .•  «  I.C.*  **  /v7  *•/  S  —•*  -n  > - -  — fc-  .  *  .  «  —  • 

CjUV^Uo  O*  <1«C  J  OXj  W./O  W.  •  1UC  JfJ-CAU  UUXmw  JI  bVJCJ.  1^ 


helcv  that  of  the  steel  mentioned  above.  However,  it  has  an  increased  iigh- 
terperaturc  onidntisn  resistance  (at  u?  to  8D0-350°g).  jts  ~i  trentrer 


i 


* 


ra'ole  iC  i-.osistunce  to  creep  or  valve  steel  (1.5  Si  -  y  Cr  -  O.p  ._•) 


l)  lest  temp erasure ,  in. 


2)  Stress  (or  strain)  causLac.  in  hc/un" 

3)  Sreep  o2  1(S  for  30 0  sours 


r)  ?.cte  of  creep  10"”-'  per  sour 


tempering  is  oil  at  from  1D50°C,  annealimc  at  8pG°C,  coolinc  in  oil  or  voter 
for  sore  decrease  of  ■brittleness  iron  ensealing.  Its  mechanical  properties 
at  20°C  ore:  «  =  SO  ic/m2,  j  10  =  24£.  In  short-tins  tests  for  tensile 
strength  at  600°C  (vita  rate  of  deformation  at  0.7  a  per  niroite)  the  cted 


sac.  a 


=  28.4  'zefz n.  .  She  coefficient  of  thermal  erpcrsslon  (”  13~°)  vas: 


•within  a  temperature  range  of  20-200°C  12.6,  of  20-400°C  12.Q,  of  20-uX>°C  13 

3)  lor  valves  working  at  430-4pO°C,  vhen  a  specific  brittleness  may  appear 
in  chrome- s llieoa  steels,  a  nuclei  steel  containing:  0-35  C,  0.2p<  2i, 

5-25p  lii  (average  content)  is  recommended.  She  iheimni  treatment  of  this 


rteel  is:  tempering  in  oil  at  from  850°C,  annealing  at  6*,0°C .  uhc  reck  mice! 


^afer^.^v-i -i  ;•-?  -s  .  ..*. :  -;  -•- 
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“..lie  17-  Co  "position  rr.d  properties  o'  valve  steel  used  in  Corns.. 

1)  lie: '.i  0-1  corn-os  It  ion  (eperape),  in  \3 

2)  Mechanical  properties 

3)  notes  or  remarks 

Small-load  valves  for  fork  et  terperetnres  u?  to  6^0° C 
Medium-load  valves  for  vork  at  temperatures  up  to  700°C 
Ecavy-load  valves  for  vork  at  temperatures  up  to  800°C 


/ . ' 

. ./ • 


of  type  ^QCg  and  an  interoetallic  compound,  of  type  Fc^Fi.  Tests  of 
heat-endurin^  properties  shov  that  the  steel  can  he  used  not  only  for 
valves,  hut  also  in  ooilemakinj  for  lone  service  at  temperatures  up  to 
620°C.  Tn  makinr:  valves  of  chrome-si  1-lcon  apfi  chro^-sllicon-molybdenum 
steels  it  mast  be  taken  into  account  that  these  materials  have  a  tendency 
tovard  intensive  dccarhonization  from  the  surface  vhen  heated  to  tempera¬ 
tures  of  their  thermal  treatments.  This  reduces  hardness  and  causes  the 
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appear:  r.cc  on  surfaces  o f  a  larjc-jrained  boundaries,  vhich  causes  ‘--rjLctlcness. 


X  *3 
"  \  1 


Considering  she  peculiarities  of  valve  making  it  — ust  be  bom  in  ~ir.d. 


that  valves  made  of  silchrone  must  be  securely  bonded  vita  stellite,  vhich  is 


vnldod-or.  to  increase  vearability  and  resistance  to  bum-offs  on  the  plus _ d 

seat  of  the  valve,  ana  that  the  valve  mist  oe  subjected  to  nitriding  to  increase 
the  vear-resistarce  of  the  valve  rod. 

Table  18.  The  influence  of  cobalt  upon  the  properties  of  valve  steels 
at  high  temperatures 


1)  Chemical  composition  (average),  in  £ 

O 

2)  Unit  of  tensile  strength  in  ks/m  in  short-tine  tests  at 
temperatures  in  °C 


it  ; 


The  silclirones  used  in  cur  country  are  satisfactorily  veldsble-avcr 


I  .* 


V,- 


\ 

'  '  V 


■ 


vith  stellite,  f erring  a  sufficiently  solid  bond  vith  a  uosevhat  coarse¬ 


grained  martensitic  structure,  vhich  nay  be  improved  by  thermal  treatment. 


% y. 


I**-*/- 


r_hc  nizrloed  layer  o'  cllchrones  has  no  sharp  zrar-sizrlon  to  the 


base  total  -and  shares  no  excessive  brittleness  (the  structure  of  the  layer 


consists  oi  sorbite  and  nitrides). 


Under  conditions  of  service  at  high  temperatures  (400-SOO  C)  a  tcer 


brittleness  appears  in  silchrones,  vhich  are  steels  of  perlite  class,  as  it 


also  appears  in  sore  austenitic  steels. 


Iha  decrease  of  resilience,  vhich  determines  thermal  brittleness,  is 


sometimes  accompanied  by  changes  in  plasticity  end  toughness.  She  basic 


factors,  vhich  determine  the  appearance  and  degree  of  thermal  brittleness 


are  temperature  and  duration  of  heating  end  also  the  chemical  composition 


of  the  steel.  See  stress  applied  also  exerts  great  influence. 


HKEHET  CH3CEOUS  S7ZST.S  0?  SHHx-JSSIErC  «HD  l^gEmC  CLoSS 


use  chemical  composition  and  the  exemplary  intended  use  of  the 


fundamental  brands  of  highly  chronaus  steels  utilized  in  our  industry 
are  Given  on  pages  3^4-3^50.  Basically,  steels  containing  around  U^S  Cr 


arc  useu. 


In  steel  2Zhl3  during  heating  polymorphic  changes  tale  place,  iris 


lies  it  possible  to  modify  the  properties  of  the  steel  to  a  comparatively 


extent  by  applying  different  conditions  cf  thermal 


V  * 
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."toe!-:  Tor  turbine  vanes  or  steel  2Xhl3  is  usually  subjected  o  tem¬ 
pering  in  oil  at  from  1002  to  1C>0°C  end  to  annealing  at  700-750°C.  An¬ 
nealing  vithin  a  temperature  ranee  of  400-500°C  nay  cause  serious  brittleness 


Characteristics  or  creep  and  of  toughness  of  steel  lShl3  after  tes- 
arlng  at  1050-1050cC  and  annealing  at  TyO°C  are  giT-aa  in  fig.  5^  and  55- 


Aftcr  tempering  and  annealing  at  6(5 0-70D°C  the  yield  point  vith  a 


stretch  of  i£  for  10,000  hoars  amounts  to:  at  5!*0oC  to  8.V  ic/aa  ,  at 


523  to  3*5,  at  650  to  l.p,  at  TOO  to  1.0  Zgfin.  . 


Ks-  5^.  Resistance  to  creep  of  steel  1S2xL3- 


Cruinatc:  Hold  point,  in  5-g/ec2 


Abscissa:  £/aoar 


v-'r 33  an-i  As  it  foUoss  from  data  in  table  19*  carniled  according  t  * 

results  obtained  by  various  invest irntorc,  the  liait  of  fatigue  after  suitable 
thermal  treatment  aaotcits  at  root  terneratare  to  approximately  half  the 


I 


rs^aitaae  of  tensile  strength. 


FiC-  55.  Stensllc  strength  of  steel  !Xhl3. 


Ordinate:  Halt,  in 


Abscissa:  Ecrurs 


legends  Area  top  to  battoa:  1)  (notched),  2)  (calculated). 


3)  (ssooih),  t)  (notched),  5)  (saootb) 


2*e  influence  of  vors  cuvirocsrat  (steam  or  water)  causes  c  layering 


«  4 

i 


of  the  fatigue  limit  (conosional  fatigue),  vHich  is  especially  sharp  vh-a 


a!  treatment  f et¬ 


as,  fer  instance  annealing,  has  been  applied 


i 


(tabic  20) 
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According  to  data  given  by  I.  7.  "usriavtsea,  (2-J5)  processin; 


rollers  (surface  cold  hardening)  heightens  considerably  the  fatigue  Unit 


of  steel  2ihl3j  especially  noticeable  in  the  testing  of  notched  carol es 
(fig.  56):  Sinllar  results  ore  obtained  in  case  of  nitriaing  (fig.  57). 


latter  treatment  causes  an  essential  increase  of  rear-resistance 


Fig.  5o.  Charges  in  the  fatigue 
licit  of  steed.  !Khl3  in  dependence 
upon  test  temperature  (base  10*). 
1)  snoots  rolled, 

2}  sooth, 

3}  notched, 
t)  rolled  end  notched 


Fig.  57-  Changes  in  the  fatigue 
Unit  of  nitrides  (l)  end  not  nltrldcd 
(2)  smooth  sasoles  of  steel  1SK13  in 
dependence  upcc  tenperature  of  test 
(bas^  107  Cycles). 

Crctaate:  licit,  in  bg^aaP 


Ordinate:  T.init,  in  hg/rn 


Abscissa:  fteroeratarc,  C 


Abscissa:  Sferoeratarc,  C 


2ia  influence  of  variation  in  the  number  of  cycles  upon  fatigue  resistance 


is  shorn  in  table  21. 


4 


f 


20.  Characteristics  of  ccrrcsiomi  fatigue  or 

*:±r~st  fr,  is  ",  s  15 

1}  Ilcaiur  in  vhlch  tostinr  uas  done 
Air  at  rear:  terperature 


cast  s 


Steen  and 


in  a  vessel  at  75°C 


Steen  at  atm  stearic  pressure  cud  100°C 

Stem  under  pressure  of  43-6  ats.  at  150°C 

Stem  under  pressure  of  222  ata.  at  l3o°C 

Stem  ucaer  pressure  of  lot)  ata-  ct  570°C 

Corrosion,  curing  one  uech  in  rsoist  stcaa  sized  with 
air  of  roan  temperature 

2)  PtsW, sue  licit  in  tefcz? 

3)  SeseaSs:  Properties  after  terraertnc  “d  anneal  Ins  at 

Msh  tcracraturc; 


Table  2... 


.w— 


steel  IBslS  in  cepenec nee 


roan  tee  sr.crr 


1) 

2) 


,  -  _  _, 

r»T7JrC.  -rl  l. 


/  2 

in  rg/— 


3)  Smooth  sample  c 
5}  Basis  4  1 107  cycles 
7)  Basis  107  cycles 


fc)  Basis  10"  cycles 
6)  Botched  sarnies 
3}  Basis  5  X  107  cycles 


She  cost  iznartsrrt  technologi cel  pruuerty  of  steel  IZW.3  is' its 
satisfactory  rdfiahility.  After  velding  a  theraal  trestaent  is  necessary 
according  to  specifications:  heating  to  76Q-jSd°C  daring  2  hours,  slow 


coaling. 


Steel  2Hhl3  also  is  tcacercd  at  temperatures  irca  1C03-10J0°C  vita 


cooling  is 


or  is  noraalicea  free  the  sane  temperatures.  esc  fihal 


operation  is  annealing  at  SSo-770°C 


application  of  higher  terpera- 


turcs  i: 


13U  TC.-Cj.CT— 


because  it  causes  considerable  rrziz-rrcrsz:-.  end 


nrsauccs  brittleness . 


~FIC-  53.  Influence  of  trcatmnt  duration  upon.  aschanical  properties 
of  steel  p?k>  3 

Ordinate:  (soaeveat  illegible) 


Abscisses  boars 


Hasccfarc,  if  In  consequence  of  the  tempering  of  saae  ssaltiac  botches 


of  steel  ?rhi 3  (irxiins  a  ehreese  end.  carbon  content  of  the  upper  Unit) 
a  part  of  the  carbides  is  cots  erred,  no  repeated  tenocrisg  at  higher 


should  be  dorse. 


Sc  influence  of  heating  duration  upas  the 


mchnuical  properties  of  type  2hhI3  steel  at  20°C  is  shaas  in  fiG-  53. 

He  results  of  short- tine  tests  far  tensile  strength  at  hicb  temperatures 
arc  siren  in  fif.  59  (treatascat:  narm.1  1  cation  at  1003-1020°C,  annealinc 
at  720-750°C). 
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" C*  59-  Sschaaical  properties  Fie.  Sesistanee  to  creep  of  steel 

of  steel  22al3.  SharC-tice  22U3- 

■tssts  far  tensile  strength  Ordinate;  Unit,  In  *c/ca2 

Ordinate:  (scacKhct  illegible)  Abscissa:  $  per  hour 

Abscissa:  ateswrature,  °C 

/  a»  Halts  of  tougnness  end  creep  of  steel  3U3  at  tenneratares 

of  ^50-550°C  ere  giwa  in  fig.  6l  ana  6l. 

Steels  5^13  and.  tevhl3,  because  of  considerable  carbon  content, 
ere  capable  of  acquiring  after  terper'-  hardness  vith  e  heightened 

corrosion  resistance.  2hece  properties  oeterainc  the  basic  use  of  those 
steds  as  a  antcrial  for  iters  (ana ns  then  tools)  Intended  to  vorl  vith 


I 


i 


■ovth  is  observed  because  of  the  influence  of  ercccsive  carbides.  High 


200-300  C.  Ihe  influence  of  the  duration  of  heating  upon  ccchnnical 
properties  et  2D°C  of  steel  323.3  normalised  iron  1000°C  end  annealed  at 


Cy0OC  is  given  in.  fie-  c2. 


FiC-  6l.  Sessile  strength  of  steel  2203. 

p 

Ordinate:  Unit,  in  hg^ua 

Abscissa:  Soars 

Because  of  unstable  structures  produced  in  consequence  of  tacrcel 
treatment,  steels  32113  =ad  kXbX3  are  alnost  never  used  for  articles 
intended  for  long  serrice  at  high  temperatures.  Sven  steel  323.3 
containing  less  carbon  than  steel  lshl3,  shows  after  tempering  in  oil 
at  frsn  ?30oC  end  ssaeal -V:g  ut  5J5°C,  a  very  qtd.cn  loss  of  toughness 
at  temperatures  chore  zfiO^C. 


k 


Pig.  o2-  She  influence  of  the  duration  of  heating  at  590,  550  and 
C00°C  upon  mechanical  properties  of  steel  of  type  3^13 
at  room  temperature.  TTeataent;  normalizing  froa  1000°C, 
annealing  at  6-JO°C. 

Ordinate:  sot  too  clear 
Abscissa:  Hours 

So,  the  yield  point  vita  a  stretch  of  1$  per  year  (8j0O  hours} 
at  20°C  amounts  to.55  tsfca,  at  250°C  to  51.5  *zfr*£,  at  20O°C  to 
51.5  to^a2,  at  650°C  to  0.91  kefe*2,  at  7o5°C  to  0.32  azfr*2. 

Short- tine  tests  for  tensile  strength  also  show  a  steady  end 
intensive  levering  of  toughness  in  propertioa  to  increasing  temperature 

{?iS.  63). 

Steels  hhlT,  Es25  and  Eh28  are  used,  in  an  overwhelming  majority 
of  cases,  as  corrosion-resistant  materials  because  they  have  very  lov 
toughness  at  high  temperatures  (fie-  65).  She  main  defect  in  the 
steels  of  these  brands  is  their  Inch  brittleness  and  lot-  technological 
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2ciir; 


properties  -  r«c-ior=so:iity  ans  ve.icaoi.s.isy. 


phased,  steels  vith  17-35>  Cr  are  very  inclined  tovard  srain-srovth  vhen 


heated,  vfcich  leads  to  a  sharp  decline  of  tensile  strength. 


?iS.  S3-  Chaoses  in  the  rschan- 
ical  properties  of  steel  3SM3 
vith  increasin';  terxeratares  of 
tests  far  tensile  strength. 
Sreataent:  norrstlinir;  free 
1CC0°C,  aarealing  a*  6pO°C 


Sig.  64.  Results  of  shart-tiae  tests  for 
tensile  strength  of  steel  KKL7  at  height¬ 
ened  terraeratores  (aulygiii). 

At  temperatures  of  ?C0-1200°C  the  sample 
tested  for  resilience  07  inpact  did  not 
break  (curve  »n) 


Abscissa:  £racerature,  cC 


Abscissa: 


o„ 

Vr 


-cl- 


~w~~ — v  g — u  1  n 


T» - 1 - 1- — 3 - * - ~T - 3  J  t  .  S 


.  ?Ig.  65-  Results  of  short-tine  tests  for  tensile  strength  of  type 
Kh25  steel  at  heightened  tscgeratares  (Kulycln)  - 
At  temperatures  cf  800-1200°C  the  sample  tested  for  re¬ 
silience  (lnpaet  strength)  did  not  break. 


Abscissa:  C 


3he  tecfanc?  jglcal  properties  In  steels  of  theee  brands  near  be  improved 
by  additional  alloying  with  nitrogen  end  also  with  nickel,  copper  and 


tltanlua. 


Paring  recent  years  a  meiber  of  Investigations  were  nele,  the 


purpose  of  which  vts  to  laprove  the  properties  of  highly  chronous  steels 
at  heightened  temperatures.  The  attention  given  to  steels  of  this  type. 


notwithstanding  the  a*i* tesce  of 


~i  i  ruiTuni  conecaiviC  hbVCXS| 


is  explainable,  first  by  the  cooperative  inexpensiveness  of  chroaocs 


steels  and  secondly  by  lesser  warping  during  the  work  of  I  tecs  redo  of 


l  > 


ther,  in  consequence  o?  tetter  heat-conductivi  ly  and  a  ssuilcr  coefficient 


of  t hemal  expansion. 


Tig.  66 .  Tensile  strength  of  steel  ETflOO  at  5dO°C 
Ordinate;  Liait,  in  tgfaP 

Abscissa:  Hours 


Pig.  6?.  Tensile  strength  of  steel  2x802 
Ordinate;  lindt,  in  kg/is^ 

Abscissa:  Hears 

The  following  brands  of  cosylexly  alloyed  chrcnUa  steels  k?vc 
found  application  in  nations!  industry? 

Steel  udOO,  containing:  0.1-0.17%  C,  K  0.5%  Si,  O.S-1.3%  **, 
10-12%  Cr,  0. 6-0.8%  -Jfe,  0.2-0. V,  0.fc-0.7j»  Kb,  O.p-1.0^  Hi.  The  acch> 

ical  properties  of  the  steel  are  given  in  table  22,  while  data  concerning 

toughness  at  560°C  are  given  in  fig.  66. 

-6> 


Steel  51602:  0.11-0.18$  C,  0.17-0.37$  SI,  0. 6-1.0$  Jfc,  11-13$  Cr, 

0.5-1. 0$  Kl,  0.7-1. 0$  H,  0.4-0. 6$  Mo,  0.15-0.3$  V.  The  steel  Is  subjected 

either  to  tempering  In  oil  or  to  nornallring  at  fron  1000  to  105O'  c  and  e 

final  annealing  at  680-700°C  during  2-10  hours.  Data  concerning  toughness 

are  glren  in  fig.  67.  The  steel  is  used  at  temperatures  up  to  5flO°C. 

Table  22.  Mechanical  properties  of  steel  ZI0OO  (in  short-tine  tests 

of  expansion) 

1)  Properties  of  steel 

2)  Unit  of  durability  ir  in  leg fmt 
Unit  of  flow  tT  In  legfm? 

as 

Ienehtenine  #  ^  in  $ 

Cross-section  of  contraction  ^  in  $ 

Shock  toughness  in  k®a/c*2 

3)  ^Bwgaiatuui.  of  teste  in  °C 


* 


0.2-0.3J  V,  0.2-0.355  Si,  0.6-0.85  Ma.  35*  results  of  testing  steels 
2X756  aafi  ZI757  for  toughness  at  600°C  are  giTen  in  fig.  68  (10). 

At  tie  Leningrad  Metal  Verts  it  was  established  (11)  that  steels 
with  125  Cr  and  addition*  of  0.65  *>  ♦  0.35  T  and  1$  V  +  0-3  Y  have  the 
Idlest  heat  endurance,  high  stability  of  structure,  and  low  sensibility 
to  stress  concentrations,  which  seines  it  possible  to  xecanaend  then  as 
materials  for  long-life  turbine  -vanes  and  other  parts,  noticing  at  tem¬ 
peratures  of  op  to  550-5&>°C.  At  550°C  the  stipulated  yield  point  of 
these  steels  corresponding  to  a  creep  speed  of  10”^S  per  hour  is  e^ssl 
to  8.59.5  ng/W2 .  (Hie  upper  Halt  corresponds  to  steel  with  0.6 5  js> 

+  0.35  ▼-) 


Fig.  68.  Continued  durability  of  steel  ST757  (curve  1)  and  2X756 
(Curve  2)  at  600°C 
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12$  chrccdizi  steels  vith  additions  Cf  nolybdenra  car*  rclybdemrs  vith 


•saaadlua  «Ca£  nioibiiai  are  used  also  abroad  (fig.  69). 


file  alloying  of  highly  chroaous  star!  vith  alobUnn  or  alundnxc:  and 


solybdacnzt  cusses  a  substantial  changv  In  steel  structure. 


Fig.  €9.  Units  of  tensile  strength  Fig.  70.  fisc  influence  of  alicdnw  end 
of  sane  coaplirely  alloyed  12$  efaroae  nlyMeoui  upon  resistance  to  creep  and 
steals  In  a  last  duration  of  1000  tensile  strength  of  1 Sjt  cfarsoe  steel, 
hours.  containing: 

Curse  Is  0.15$  C,  11.5?  -  13.52  Cr, 
Ordinate;  Unit  In  kg/bt2  2:  0.15$  C,  U.5  -  13-5$  Cr, 

-  0.1  -  0.3$  Al,  0.5$  Mo 


QKdiaate:  Unit  In  Xgjm* 


Abscissa:  C 


Ordinate:  Units  of  strength,  of 


creep.  In  Ifcfaa 


Abscissa:  "C 


Markings  at  curses: 


upper;  Unit  of 
strength 
loucr:  lie:  t  of 


creep 
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Tier rf ore,  if  steel  containing  0.155  C  end  11-5  -  13-55  Cr  is  tenpenfoie  for 
mrtensite  after  cooling  in  oil  fran  temperatures  of  1OO0-1O5O°C,  the  alloying 
of  this  steel  with  0.1  -  0.35  A1  or  0.1  -  0-35  A1  and  0.55  **>  ceases  a  purely 
ferritic  structure,  and  the  steel  has  so  transaotatians  vltMn  the  whole  range 
of  teageratures  fro*  roers  taagerature  to  that  of  aeltlng  point.  Sadi  a  stable 
structure  of  highly  alloyed  chrone  -aolj'hrtmM-  alimlnua  ferrite,  secures 
heightened  corrosion-resistance  and  also  better  heat  endurance  at  temperatures 
up  to  500°C  whan  no  intetaive  ra-crystallizetlcn  Is  observed.  pets  ccneeming 
resistance  to  creep  are  given  in  fig.  70. 

It  should  be  especially  noted  that  steal  of  the  type  sectioned  has  a 
very  low  coefficient  of  thermal  aipwslai  (tt  .10**},  which  is  equal  within 
teaperoture  ranges  as  follows:  fna  20  to  100°C  9.3;  20  -  200°C  10.9;  20  -  300°C 

U.3;  20  -  *oo°c  u.5;  20  -  5co°c  12.0;  20  -  6oo°c  12.1. 

During  Investigation  of  the  structure  and  properties  of  steel  with 
125  Car  Bonified  With,  various  additions,  it  was  established  (12)  that 

1)  addition*  of  niobii*  increase  toughness  and  resistance  to  creep, 

2)  additions  of  titanitsi  lower  beet  resistance  considerably, 

3}  Bolybdents  increases  tou£xess  and  resistance  to  creep, 

k)  an  increase  of  carbon  contest  fro  0.17  te  0.235  l«crs  resistance  to  creep. 


Besides,  there  ere  reports  of  the  use  of  cast  12$  chrceae  steel  of  the 


following  brands:  (5*  contests  (jives  ere  of  hatches  investigated): 


22Sb:  0.15$  C,  0.49$  Mo,  31.355  Cr,  0.49$  Me,  0.08$  Si,  0.7$  V,  0.14$  Sb- 


127:  0.16$  C,  0.55$  Mo,  11.5$  Cr,  0.5$  Ml,  0.18$  Si,  0.68$  T. 

13fo:  0.17$  C,  1.01$  M>,  11.3$  Cr,  0.49$  Ma,  0.35$  Si,  0.69$  7. 

The  tensile  strength  of  these  steels  at  650°C  is  given  in  table  23. 


.  ttUs  23.  ltnsile  strength  of  cast  12$  Cbreens  steel  of  sene  brands 

at  650°c 

1)  Brand  of  steel  2)  State  (oar  condition)  af  sergOe* 

(a)  Cast 

After  tinsel  treattaent 

(b)  Cast 

After  thereal  tresTreit 

(c)  Cast 

After  tinsel  treatasant 


3)  Halt  of  tans  lie  strength,  in  kg/na2 

4)  Bdstiie  elongation  at  breaking  — ant,  in  $ 

5)  Mbs  in  hours 
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It  sist  lie  acted  that  cast  12 $  highly  chrceaous  steels  vith  additions 
of  2.5)1  of  Ktlyhdexasij  0.5)1  of  Tsnadlua,  1.5$  of  tusgiten  and  0.4$  of  tltanitc 
ham  food.  use  la  the  asking  of  such  stressed  ports  of  aotoacblle  gas  tarbines 
as  .wrUig  ranee  sad  discs.  A  further  laproraeest  of  the  ccnpositlon  of  steels 
has  lead  to  an  addition  of  0.01  -  0.04$  of  haran.  Alt  addition  prosed  to  he 
so  effective  for  increasing  heat-reals'  met  at  600-650°C  that  It  tyaam  possible 
to  forgo  the  alloying  «lth  renadioa  (13).  Case  farrltt*  fttTtHOadna  alloys 
v  to  l6$  A1  are  also  used  in  acotonoblla  pctaMM  anginas. 

Sms  alloys  have  a  high  realstanoa  to  oarroaion  by  gaaar  hut  a  snail 
hast  resistance.  Bny  ctt  oaad  far  ning  ease  hodiec  of  oil  spray  homers, 
dlractUg  vanes  and  staUar  parts  ssktag  at  high  taCSnbaM  .hot  mdar  sill 
itomHa 

AlXoylag  nth  mcteal  is  vldely  need  for  tqcMai  heat-raelstence  of 
highly  dsns  stasis. 

Saij  If  fitly  1.5-2$  H  Is  added.  to  staal  of  type  Xh27,  the  reslstsaca 
to  creep  lacraansa  ice  than  1.5  tte  (table  at). 

She  addition  of  sUM.  to  cast  highly  chronous  steals  petted  to  be 
especially  affective,  lfaa  characteristics  of  creep  and  tensile  strength  of 
soch  steals  are  glean  In  sable  25. 


Sable  2k.  Hbc  influence  of  niciel  upon  the  resistance  to  creep  of 
highly  ehroncus  type  Hh27  steel  that  is  being  lefomea 

lj  tost  temperature,  in  °C;  *  2)  Stress  in  kc/=n2  that  causes; 

3)  in  steel  Xh27  (*)  1>  of  elongation  in  10,000  boors, 

(o)  destruction  In'IOOO  hours; 

V)  in  steel  Xh27  plus  1.75$  Hi  (a)  1*S  of  elongation.  in  10,000  hour*, 

(b)  1$  at  elongation  in  300,000  hours. 


tobla  25.  the  influence  of  nickel  upon  resistance  to  creep  and  tensile 
strength  of  cast  chronoos  steel  of  type  XhETT 

1)  Coapositicn  of  steel  la  J;  2)  Stress  to  hg/bt2  causing  a  spaed  of 
creep  of  10^  per  hour  at  toveratme  to  °C; 

3)  toastie  strength  to  ks^n2  at  twgarature  to  °C;  h)  boors. 
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It  zssst  fee  especially  noted  that  in  connection  vita  the  alloying  of 


highly  cfcrooous  steels  vith  various  elements,  including  such  austenite-forsing 
elements  as  niefcel,  aany  'brands  of  austenite-ferrite  steels  have  coe*  into  use. 

Austenite-ferrite  steels  have  grrater  heat-resistance  than  highly 
chrooous  ferrite  and  seed-ferrite  steels.  She  basic  qualification  required 
of  austenite-ferrite  .steels  is  stability  of  structure.  Changes  in  the  prop¬ 
erties  of  sons  austenite-ferrite  steels  at  took  tsaparatare  in  dependence 
upon  their  structure  are  shorn  in  fig.  71.  9alr  tensile  strength  at  GOO°C 
is  given  in  fig.  72. 

Considerable  hrittOenesr,  called  brittleness  at  fc75°C,  develops  in 
highly  chrome  steels  of  the  ferrite  sod  austenite-ferrite  classes  vith  a 
besting  to  t50-500°C.  This  brittleness  practically  precludes  the  use  of  these 
naterials  far  ashing  stressed  parts.  5he  usual  microscopic  examinations  do 
not  offer  coy  possibility  of  detecting  the  cease  of  the  appearance  of  this 
grace  brittleness,  and,  thus,  of  pointing  out  a  may  toward  its  elimination. 

Earlier  it  mss  supposed  that  the  eaftrittlamant  of  highly  chroaous 
steels  at  —  50O°C  ws  connected  vith  an  evolution  of  s-phese,  mat ch  usually 
develops  at  700-d00°c.  It  is  haesm  to  generate  in  alloys  containing  over  3Df, 
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Cr  during  heating  t»  a  terrxjrature  r£nge  of  700-S00oC-  but  investigations 
have  shcsn  (I3)j  (15)*  (lS)  that  the  processes  of  eubrittlenent  at  ~  5C0°C 
ead  at  700-300°C  ere  Independent  of  each  other!  Shis  is  conaborated  by  data 
Circa  In  fig-  73  and  in  table  26.  2us*  the  cause  of  brittleness  at  500°C 
is  evidently  conditioned  by  something  different  frm  0  -phase  devdopccct, 
which  ns  considered  to  be  the  cause  before. 

It  vaa  sh  sn  in  verb  (17).  that  brittleness  in  highly  chraoocs  ferrite 
steel  at  %7^C  Is  not  only  connected  with  the  appearance  of  a  second  phase, 
as  was  wuibafly  believed  earlier,  Iwt  also  with  a  possible  process  of  arrengs- 
■nt  ragulatloei  within  tbs  hard  solution. 


Fig.  71.  grppertles  of  ebreoe- 
nickel  steels  with  different 
structure. 


Fig.  72.  Sessile  strength  in  steel  of 
type  Xh28  with  different  carbon  and 
nickel  contents  at  oOO°C  (according  to  72E). 


Ordinate:  Unite  of  creep  and 
of  ,  in  kg/nsT 


Abscissa:  Contest  of 

nickel,  in  £ 

♦  (?)  -  ferrite. 


Ordinate:  Unit  of  strength,  in 

Abscissa:  Quantity  cf  austenite  in 
the  structure,  in  £. 


H  -  Xsrieasite, 
A  -  austenite 
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tig.  73.  9te  lwflnmre  of  tasjpcrsture  mai  duration  of  heati ng  ’JPon 
tfca  hardness  of  doom  stMl  containing  l8-50<  Cr . 

Ordinate:  BittaKt  X 

ttetm;  °C 

bpric,  ftn  top:  1)  Beating  duration  30C  Imrs, 

2)  Beatisg  duration  1000  hours. 

the  shb  conclusion  m  mar-hart  ty  Baerlekwa  ml  BtifJriut,  (18)  who 
lumUgited  the  inflame  of  heating  duration  at  V75°C  opoa  nagnCrtic  properties 
of  flpndWBi  stehls  containing  23.3*6651  Cr. 

S»  coaplicsted  character  of  transforation  in  highly  chnsoci  alloys 
ues  else  established  in  the  recent  nark  of  Pansy  and  Bastian  (31}.  Alloys  of 
greet  parity  containing  free*  19.06  to  75.$*  of  ch rone  sere  studied.  It  ves 
food,  that  in  alloys  containing  505*  Cr  three  different  processes  nay  proceed 
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vitbout  a  change  of  concentration,  cr  nnrc  precisely,  without  diffusion  to 


considerable  distances: 

a)  aagoetic  transfowtico  at  the  te^wratore  of  Curie  point; 

b)  trsnsfaraaticc  in  a  •hard  solution,  connected  with  the  process  of 
aiTan^nest  ^  ■  disa rrangcaent; 

c)  phasic  trmafnamtloa.  a  or . 

ftMe  26.  Mrhnrtrel  properties  of  steal  lXhl%9  at  heightened  teaneratures 

1)  test  tepartfan,  in  °C.  2)  Unit  of  creep  in  kg/n*2 

vith  f.  speed  of  creep 

3)  Elongation  at  mptacn  noantt  a)  of  0.1%  for  1000  hours, 

(la  tacts)  In  %.  b)  of  0.0l£  for  100  hours. 


CEBGMB-1ICXEL  NO  CEOE^MGMESE  CGNHEXCT  ALLOTS)  STEELS 
0?  2BE  ADS3HQ31C  CLASS 

A  characteristic  peculiarity  of  these  steels  is  the  stability  of 
austenitic  structure,  strengthened  by  dispersing  eniaslens  of  different 
phases  at  high  togeratares.  In  the  osjority  of  austenitic  hoat-recictant 
steels  such  a  structure  is  produced  by  special  thezaal  treatment. 


The  thsrrsal  treataent  of  heat-resistant  steels  of  the  austenitic  class 
is  "based  on  the  process  of  aging  oversaturated  hard  solutions  in  connection 
•with.  the  f cassation  of  carbides,  carbon-nitrides  and  interne  tallic  cocraounds. 

Agoability  is  detezslned  "by  variable  solubility  of  the  second  c Deponent 
B  in  the  hard  solution  T  (fig.  *ft).  tte  vfaole  quantity  of  component  2  con¬ 
tained  in  the  alloy  is  dissolved  in  the  herd  solution  during  beating  to 
tesparing  temperature.  'Then  -Oils  condition  is  fixed  "by  quick  cooling. 

Xbe  praceseee  that  will  prcceed  in  the  over  saturated  hard  solution 
trill  be  those  ccssMcted  with  transition  to  a  finer,  am  stable  state. 

9Mee  axe  the  processes  of  aging. 

9m  fallowing  werhimlre  of  9m  process  nay  "be  pneensMd:  at  the 
"beginning,  within  the  frMwmrk  of  the  over  saturated  bard  solution,  an 
accjxjlaticn  of  B  atone  takes  place  in  definite  areas  of  the  crystal  lattice. 
9m  eerenfl  stage  of  the  process  is  the  f creation  cf  a  new  crystal  lattice 
which  is  specifically  natural  to  the  phase  that  develops.  Inner,  the 
lattice  of  the  phase  rhsains  crystallogwpMcall  y  close  tc  the  lattice  of 
the  hard  solution.  (A  so-called  coherent  cocneetlan  of  lattices  is  observed-} 
9m  third  stage  is  the  "breaking  assy  of  the  lattices  fren  each  other  end  the 
formation  of  independent,  very  dirpersive  particles  of  the  phase  (or  phssc 
particles) .  9m  fourth  stage  is  the  enlargesMSt  (coagulation)  of  peace  perticl 


All  the  stager  enunsratcd  proceed  in  tins  and  vith  tcnpcraturc  and 


sonetiaes  coincide.  52ie  higher  the  tenperature  of  aging,  the  shorter  the 
heating  duration  aast  he  to  attain  the  objective  assigned  to  a  stage. 

Ohe  process  of  aging  is  characterized  by  changes  in  hardness  and 
toughness.  05*  coherent  connection  of  too  different  lattices,  and,  also 
the  fall-out  <af  very  dispersive  second-phase  particles  leads  to  a  sharply 
increased  resistance  to  plastic  defamation  and  to  an  increase  of  hardness. 
BmtWj  if  the  first  three  stages. of  the  process  load  to  toughening  of  the 
alloy  (to  a  so-called  dispersive  hardening),  then  the  fourth  stage  (coagulation 
of  dispersive  particles)  Is  connected  vith  a  drop  In  hardness.  (Fig.  75). 


?lg.  7**.  Schematic  dlcgras  of  tbs 
state  of  alloys  inclined  toesrd 
disperslonel  (or  dispersive* 
hardening. 


Ordinrte:  °C,  teanerstare  of 
tempering 

Ahsnxssar:  £  of 

I 

i 


Fig.  75.  Change  hardness  (dispersion 
hardening)  in  aging  alloysi 


Ordinate:  3erdness 
Ahsciasar:  Tine  or  tenperature 
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COKPOSmOU  USD  TE0PEH2IE3  0?  HSAT-EESISIMiT  STS2IS  OP  TEE 
AUSEEimC  CLASS 

Tbo  properties  of  austenitic  steels  of  type  i8-8  at  heightened  tes- 
perctures  my  be  characterized  by  data  give  in  fig.  7&-S1  end,  in  table  2d. 


Pig.  76.  Units  of  creep  and  strength  Pig.  77, 
in  steel  of  type  CEhlCs9 


1  -  tensile  strength  for  1000  hours; 

2  -  tensile  strength  for  30,000  hours 

3  —  speed  of  creep  10*%  per  hoar; 
k  -  speed  af  creep  10*%  per  hoar. 

Ordinate:  Unit  of  strength,  of 
creep  in  kg /ant 


Influence  of  test  temperature 
upon  the  mechanical  properties 
of  type  lXhl8s9  steel 

Ordinate:  Unit  of  ,  of  creep 
to  *  5,  I*  »  in 

p 

>,  resilience,  in  kg/cn  . 
Abscissa:  °C 


Abscissa:  °C 

With  an  increase  of  the  extent  of  alloying  the  service  characteristics 


of  austenitic  steels  also  increase.  This  is  connected  both  with  the  toughening 


of  the  basic  hard  austenite  solution  -with  a  slowing  down  of  diffusion  processes 
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In  it  and  vlth  on  improvement  of  structural  stability.  She  latter  is  especially 
itoortewt  because  steel  of  tTPe  18-8  is  nearly  on  the  border  of  the  tvo-phese 
(or  double  phased)  zone,  «tv»  because,  vita  deep  cooling,  &  mrtensitic  trans- 
fozmtisn  takes  place  in  the  steel,  as  is  shewn  by  the  curies  in  fig.  77.  e 
beneficial  influence  of  titasltK  is  especially  conspicuously  Illustrated  by 
data  of  fig.  82. 


Jig.  78.  Unite  of  tensile  strength  of  steel  3Xhl&r9? 

a)  heating  to  1050-1100°C,  cooling  In  air,  annealing  act  700°C  during  20  h. 

b)  besting  to  1050-1100°C,  coollie  in  air. 

Ordinate:  unit  of  strength,  in  kg fm? 

Abscissa:  hours 

An  increase  of  carbon  content  In  type  18*8  steel  oust  be  considered 
irrational  because  it  Increases  brittleness  of  the  steel  In  consequence  of 

I  heating  to  high  teoperatures  (fig.  83)  Vhen  carbides  are  intensively  evolved 

1 

I  daring  a  long  period  of  tine. 
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.?ig-  79.  licit  of  creep  in  steel  Fie-  So.  Ltaits  of  creep  and  strength 

iKhl8si9T:  1  -  tempering  at  free  in  steel  of  type  Khl&illB:  1  -  tensile 

H50°C  in  vater  (translation  strength  for  1000  hours;  2  -  tensile 

literal,  cooling  in  water  is  strength  for  10,000  hours;  3  -  rate  of 

probably  neant);  2  -  tempering  creep  10"%  per  hour;  t  -  speed  of  creep 

at  1050°C,  air.  10"%  per  hour. 

Ordinate:  Unit  of  creep.  Ordinate:  licit  of  creep,  of  strength, 

in  kg/=a2  in  kg/rr:2 

Abscissa:  Bate  of  creep,  $  per  Abscissa:  °C 

hour 


In  order  to  economize  on  aolyodenan,  a  cfcrone-nicsel  austenitic  steel 
alloyed  with  tungsten  was  proposed.  She  yield  point,  causing  an  elongation  of 
10"^  per  hour  for  steel  containing  "'-35 $  C,  1.8$  Si,  8.0$  Hi,  l3.0$  Cr  and 
3.5$,  (illegible)  at  550°C  is  13-3  'xsfcrf,  at  600  -  7.1,  at  6p0  -  k.k,  at 
700  -  3-6,  at  750°C  -  2.8  kg/fer2 . 

Further  irprovsreut  of  neat— enduring  properties  of  eus  ^enx  ^ic  vypc 
18-8  steels,  in  connection  with  their  cornier  alloying  with  sore  decent:. 
p-nr.  also  vita  an  increase  in  the  content  of  the  basic  elerents  -  chroriur 


Fig.  3l.  Halts  of  creep  ana 
strength  in  type  Knl&H22-2T 
steel.  1  -  Tensile  strength 
for  1000  hours;  2  -  tensile 
strength  for  10,000  hours; 

3  --  limit  of  creep  with  a  speed 
of  10“°$  per  hour;  k  -  with  a 
speed  of  creep  10~^$  per  hour. 


Fig.  82.  xhe  influence  of  titanium  upon 
steel  of  type  18-8  at  high  temperatures 
of  short-time  tests  for  extension. 

1  -  steel  with  16$  Cr,  8$  H  plus  Ti; 

2  -  steel  with  18$  Cr,  8$  Hi. 

Ordinate:  limit  of  creep,  of  , 

in  kg/m2 


Ordinate:  limits  of  creep,  of 
strength,  in  kg/ca 


Abscissa: 


Abscissa: 


Pig.  83.  Embrittlement  of  type  l8-8  steel  with  different  contents  of 

carbon  in  consequence  of  prolonged  heatings  at  high  temperatures 

1  -  steel  with  0.0 6$  C,  9-2 $  Hi,  13$  -jr,  tempering  at  from  9Sp°C,  cooling 

in  water; 

2  -  steel  with  0.13$  C,  0.0$  Hi,  18.2$  Cr,  tempering  at  fro-  1150cC,  cooling 

in  water; 

3  -  steel  with  0.18$  C,  8.9$  Hi,  17.8$  Cr,  tempering  at  from  1150°C,  cooling 

in  water.  Ordinate:  ,  in  kg/m  Abscissa: 


r.ours 


In  considering  this  group  of  austenitic  heat-resistant  steels  ve 


sha3 1  Gvell  on  the  following  brands: 

Chrome-niskel-mlTbcenum  steel  of  type  lS-lfc-2-1  contains:  0.12^  C 

0.9-1.5?  to,  0.7-1.2^=  Si,  loO-lc^  Cr,  1^0-17 .0$  Hi,  2.0-2.6£  >So,  0.9-1. 3£  2fo 
Sis  thermal  treatment  consists  of  tendering  at  iron  U0O-U>0°C  in  vater. 
rfcchanlcal  properties  at  heightened  temperatures  are  given  in  table  27- 

.  Table  27.  Units  of  tensile  strength  and  creep  in  steel  of  type  l8-l1f-2-l 

1)  Test  temperature  in  °C  2)  Unit  of  tensile  strength  in  kg/m2 

vith  a  test  duration  in  hours 

3)  Unit  of  creep  vith  a  -creep  of  l£  for  300  hoars,  in  kg/m2 


Steel  51572  contains:  0.23-0.35£  C,  0.3-0.3?  Si,  »*, 

i.O-i.p?  H,  18-20?  Cr,  8-10?  Hi,  1-1.5?  >b.  O.p-O. 5b,  0.2-0.5<  U. 
Three  variants  of  thermal  treatment  are  recommended:  1)  Tempering  at 
U50-U80°C,  cooling  in  vater,  aging  at  o00°C  during  15  hours. 


3)  Tempering  s-t  li50-HoD°C,  cooling  in  vater,  aging  at  70D°C  doming  15  hours. 
The  characteristics  of  creep  ana  of  tensils  strength  of  steel  SI >72  ere  gi  van 
in  fig.  8^  ana  8>.  The  steel  is  used  in  building  piped  boilers  at  working 
temperatures  of  up  to  60C°C,  more  seldom  of  up  to  6yO°C,  because  at  the  latter 
temperature  and  especially  at  700-800°C  a  formation  of  cr  -phase  and  of 
embrittlement  connected  vith  it  is  observed. 

Steel  Sl69k  is  used  for  making  pipe-lines  in  contemporary  boiler 
installations.  Cue  steel  contains:  0.07-0.12$  C,  <  0.6$  Si,  1-2$  Ka, 

13-15$  Cr,  lk-17$  ni,  0.9-1.3p  Ifb.  Siercal  treatment:  tempering  at  from 
Hto-U6o°C  vith  cooling  in  vater.  Bata  concerning  tensile  strength  and 
creep  (fig.  86)  shew  that  pipes  made  of  this  steel  may  be  used  ct  temperatures 

of  6oo-6io°c. 

Steel  5X695  is  a  modification  of  ZX69^.  A  great  heat-resistance  is 
achieved  in  it  through  an  increase  of  nickel  content  and  additional  alloying 
•with  tungsten.  The  composition  of  the  steel:  <1.7-0.12$  C,  <  0.  >$  Si,  1-2$ 
13-15$  Cr,  13-20$  Hi,  2-2.75$  W,  0. 9-1-3$  Nb.  Tempering  is  at  from 
nh0-ll60°C,  cooling  in  vater.  The  limits  of  tensile  strength  and  creep 


are  given  in  fig.  87.  Pipes  made  of  mils  steel  can  work  at  6yO-7O0°C. 


N.- 


Fig.  3k.  Unit  of  creep  is  steel  SI  p/2:  a.)  at  y£o°C;  b)  at  6jO''C 


Ordinate:  Halt  of  creep 


Abscissa:  rats  of  creep,  in  £  per  hour 


Fig.  8;?.  Li  sits  of  tensile  strength  in  steel  SI572: 
a)  at  poO°C  b)  at  opO°C 

O 

Ordinate:  linat  of  strength,  in  hg/tn. 


c)  at  700  C 


Abscissa:  hours 
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Sore  above -meat  i oned  brands  of  austenitic  chrome-nickel  steel'  of 


type  18-3  contain  around  i,j  of  niobium.  Sonet  ires  together  vith  niobium, 
tantalum  is  added  to  a  total  of  around  l£.  Iks  addition  of  niobiun  to  steel 
of  type  13-8  not  only  improves  its  corrosion  resistance,  but  also  imparts  to 


steel  higher  heat  endurance  under  conditions  of  cyclic  temperature  routines. 


Such  a  beneficial  influence  of  niobiun  vas  established  in  the  vork  of  Belavin 


(20)  during  testing  of  type  lQ-8  steel  vith  cy  lie  tenperature  changes  iron 


200  to  700  C  end  vith  fluctuations  of  tins  periods  at  rsMrtrrra  and  rdnirun 


temperatures  iron  6  to  12  hours. 


Star  zany  years  already  -work  has  been  conducted  in  the  field  of  replacing 


nickel  by  manganese  in  steels  of  type  lS-8.  During  the  process  of  such 


investigations  and  also  in  consequence  of  sera -Indus  trial  tests  it  vas 


established,  that,  although  manganese  is  analogous  to  nickel,  the  manganese 


austentic  is  less  stable  than  that  of  nickel.  After  prolonged  heatings  at 


high  temperatures  the  manganese  austenite  decomposes  vith  a  formation  of 


a  -phase.  In  order  to  obtain  a  stable  austenitic  structure  vith  the  replacement 


of  nickel  "by  manganese,  such  a  strong  austenite-forming  element  su*  as  nitrogen 


mist  be  suppiementerily  added  to  the  steel  composition. 


v-  is .  _■ 


Fig.  86.  Unit  of  tensile  strength 
for  100,000  hours  and  Unit  of  1% 
of  creep  for  100,000  hours  in  steel 
Zl694  at  different  temperatures . 


Tic.  87.  T.im'ts  of  tensile  strength 
for  100,000  hours  end  of  l£  of  creep 
for  100,000  hours  in  steel  2l695  at 
different  temperatures. 


Ordinate:  Unit  of  creep,  of 

O 

strength,  in  kg/m 
Abscissa:  °C 


Ordinate:  Unit  of  strength,  kg/rsa 


Abscissa:  C 


Oiere  are  reports  of  introductions  into  industry  (2)  of  a  steel 
containing^  O.ly  C,  •~l4.5£  Kn,  —  17-55  Cr,  —  0.4$  It,.  A  test  for  extension 
at  roan  temperature  has  shown  that  in  the  annealed  state  the  steel  has  a  tensile 


strength  cf  95  kg/m  ,  a  yield  point  of  64  kg/m  -  and  an  elongation  of  4o/>.  The 


nechenical  properties  of  this  chrone-rsaganese  steel  subjected  to  cold  plastic 
deformation  vita  a  rolling  shrinkage  of  55  are  close  to  the  mechanical  properties 
of  chrcre-ni chel  steel  of  type  15-3  subjected  to  cold  plastic  deformation  with 


a  roJLLing  shrinkage  or  op- 


Vith  a  deformation  cxcent  equal  to  355  the  steel  has  a  yield  point  of 
around  130  kg/m  with  an  elongation  of  6/,.  A  test  fer  extension  at  heightercc 
temperatures  carried  out  on  standard  samples  12.6  m  in  diene  ter  has  shown,  that 
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,  up  no  760°C  the  tensile  strength  aril  yield  point  in  the  new  steel  ere  id  -her 
than  those  oi"  rust-proof  type  l6-d  steel  of  ell  other  brands .  Ihe  magnituae 
of  extension  and  contraction  of  cross-section  at  test  temperatures  up  to  5^0WC 
is  of  the  sara  order  as  that  in  other  steels  of  type  18-8,  while  at  higher 


temperatures  it  drops  sharply.  Inn  corrosion  resistance  of  serai 


es  of  tnai 


steel  was  studied  in  boiling  S%  solution  of  nitric  acid,  in  boiling  %  nitric 
ccia  tad  at  30°C  is  a  ^  solution  of  sulphuric  acid.  From  the  tests  carried 
cut  it  is  possible  to  conclude  that  the  corrosion  resistance  of  chrome-manganese 
steal  is  close  to  that  of  sueels  of  type  ShL7  and  Khl6ELG17. 

She  austenite  in  type  18-8  steels  cannot  be  considered  as  completely 
stabjLa.  With  cooling  below  0°C  polymorphous  transformation  takes  place  with 
a  formation  of  an  oversaturated  a  -phase  along  the  *****  mechanism  ct  -hard 
solution  (of  martensite).  Cold  deformation  contributes  most  strongly  to 
martensitic  transformation  of  chrome-nickel  austenite  of  steel  18-6.  Coder  the 
influence  of  stresses  from  cold  hardening  ths  transformation  proceeds  vithin 
the  usual  temperature  range  (Ip0-2p0°c).  Bie  combined  influence  of  cold 
hardening  end  deep  cooling  may  cause  a  transition  of  the  whole  chrome-nickel 
austenite  into  martensite.  In  consequence  of  such  treatment  the  hardness  end 
toughness  of  the  steel  increases  considerably  at  room  temperature,  and  heat 
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endurance  increases  et  te-ioeratures  or  up  to  450°C  (fig-  5C).  At  bi-iner  -p~- 


peraturea  h ea t- sni ur«*nc e  drops  in  connection  *ita  the  annealing  of  martensite 


I 


ard  partial  re-crystallisation. 


Lately,  in  connection  site  the  development  of  a  number  of  special  machine- 
building  bran chee,  the  nomenclature  of  cast  parts  made  of  modified  type  18—8 
steel  has  considerably  increeaed.  Tsblc  2S  gives  tbs  composition  of  cos*  b’-n.oss 
of  this  typ*  of  steel.  It  also  gives  data  on  heat  resistance  at  o50°C. 


Table  28.  Clerical  composition  and  tensile  strength  of  cast  cbrocfr-aicsel 
austenitic  steels  of  some  brands 

1)  Brand  of  steel:  2)  Chemical  composition  of  investigated  smelting 

latches,  in  £  3)  Limit  of  tensile  strength  in  <cg/as£  at  £oO°C  daring  boom: 

4)  Selative  elongation  in  £  at  the  licit  of  tensile  strength  at  £5G°C-  for  hours: 


li? 
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j^g  va b  slrcsdjT  xcstiosed,  one  of  the  C3=m®  of  increcsi^  bcdt-ear.ur^scs 


I- 


0f  —isteniiic  steels  is  increns mg  the  content  of  lae  eafiic  elements  -  c'aroce 
«na  nickel,  wile  keeping  to  the  general  tendency  of  cocolar  alloying. 

Chro re-nickel  eteele  of  types  2G-25,  2C^20,  i?-5?  and  11-56.  (Toe  first 
figure  is  the  content  of  chroae,  the  second  —  of  nickel.) 


-j-e  characteristics  of  the  resistance  of  these  steels  to  craep  axe  given  in 
fig.  89}  the  tanslls  strength  of  steel  23—13  —  in  fig.  $0*  Eoai«r,  stoels 
with  a  hi^i  content  of  nickel  and  especially  of  chrsae  are  inclined  toward 
eabrittleasnt  in  consequence  of  prolonged  heatings  at  high  tenperatura*  and 
the  action  of  stresses.  Ssiaently,  tha  sain  cause  of  hrittnanesa  in  chrone- 
nickal  steels  with  hifh  chro  elan  content  i»  tha  formation- sf  e  -phase,  which 
has  tha  property  to  disseise  Mo.  *,  il.  Hi  and  others  within  a  rather  wide 


range. 


In  tha  production  of  cost  ty?s  20-25  steel  additions  of  rare  and  rare- 
earth  alansnts  (Ce,  Sr,  5d  and  others)  sre  utilinsd.  Ibis  inc re.- sex  plMticity 
end  tensility.  i^piOYes  fLcwhiii.tr  *nd  heighten*  resistance  to  scaling  (u?  to 


IC50“C).  It  tac^eretnaas  shore  liCC-'O  additions  of  raro-strth  cie^ont»,  on  «t» 


contrary,  lower  scaling  resistance  (22). 

Ei*  addition  to  type  20=2&  steel  of  around  2^  of  silicon  (2hl3225S2) 


V: 
^  >  . 

.  -  *  ^ 
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As  it  -sb  already  nantioned,  one  of  the  Maas  of  increasing  heat-endurance 

^ _ _  n  •  c  steels  is  increasieg  the  contest  of  the  Vs  sic  elements  chroise 

scd  nickel,  rails  keeping  t0  the  general  tendency  of  complex  alloying. 

Chrsee-aickel  eteels  of  types  20-25,  25-20,  1?~3?  and  11-36.  (The  first 
figure  is  the  contest  of  chro.te,  the  eecoad  —  of  nickel.) 

The  characteristics  of  the  resistance  of  these  steels  to  creep  are  given  lo 


fig.  $9;  ths  tensile  strength  of  steel  23-13  -  in  fig.  90.  However,  steels 
■sith  a  fci^i  content  of  nickel  and  especially  of  chross  arc  inclined  toward 
e^rittisasQt  in  conss^aenca  of  prolonged  heatings  at  high  tasperatuies  and 
ths  action  of  stresses.  Ivicently,  ths  cain  esnaa  of  hrittlenesa  in  chrose- 
niclosl  stsels  srith  hi^x  chroaiun  content  is  the  fornation-of  a  -phase,  which 
has  ths  property  to  dissolve  to,  «.  11.  Hi  and  others  within  a  rather  wide 

ranga. 

Ir  tha  production  of  cast  tynr  20-£5  eteel  additions  of  rare  and  r&ra- 
earth  elects  (Ce,  Zr,  Sd  and  others)  are  utilised.  Ibis  increases  plasticity 
aai  tensility,  improves  flowahility  and  heightens  resistance  to  scaling  (up  to 
3.050° 0}t  At  tfwparjturas  above  1100°C  additions  of  rare-earth  decent*.  cn  the 
contrary.  io»er  scaling  resistance  (<■*)• 

She  addition  to  type  20-25  steel  of  around  Zf>  of  silicon  (£bl3225S2) 


—36— 
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1  increasea  heat-endurance  u.  to  10Cd-1100°C-.  Hoover  be  at- endurance  of  the  steel 

1  is  comparatively  lo*  (fig.  91). 

| 

21g.  83.  Limits  of  tensile  strength 

Tig.  89.  Creep  limit  of  chrome-nickel 

(1)  led  of  crs«&  (2)  in  steel  of 

austenitic  steels  of  type  20-25  at  lCT6/b 

*J?°  1&-3  at  430°C.  Preliminary 

(1).  Of  tyoe  25-20  <2),  of  17-37  (3), 

treatmont  of  susalos:  cold  I ;ard*u- 

Of  11-35  (4). 

ing  'ey  rolling  with  a  compression 

extent  of  40^  at  7t?C»  Upper  curve 

Ordinate:  limit  of  creep,  in  fcg/ncP 

eras*- cut  samples;  lover  carve  — 

Abscissa:  °C 

longitudinal  staples. 

-  Ordinate:  limit  of  strength. 

I  *  in  k  gjzs£ 

|  Absciss*  (on  too):  Hate  of  creep, 

!  j _ _ _ 

I  P  yw*  uuu* 

|  (at  bottom):  hours 

l 
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Jig.  20.  lensile  strength  qf  steel  Zh23313:  ,l)  at  550^0;  -2)  at  600°C: 


3)  a*.  650°C} 


4)  at  ?00°C 


Ordinate:  .licit  of  strength 


Abscissa:  hours 


Kg.  91.  Limits  of  creep  for  different  aunrary  (or  tocel)  deformation 
of  steel  CU33E5S2  (TeoS). 


a)  at  «X>°C; 


b)  650°C; 


c)  et  700°C 


Ordinate#:  limit  of  creep,  in  'cgjai£ 


Abscissa:  hours 


Legends:  destruction 
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Steel  4Zhl451472Ji  (2-163)  contains:  0.4-0. 53  2,  0.3-0.31  SI.  not  over  0.7l  «=, 
^  not  07.er  0.03^  S.  not  over  0.031  ?.  13-1&1  Cr,  13-iSl  Si,  0.25-0.41  Mo, 
2.0-2.751  u.  The  properties  at  room  temperature  are: 
a)  after  heating  to  320-850°C  curing  2  hours  ana  cooling  in  air: 

«  g  >  72  kgirx?,  cT  >  40  kg/=?  6  g  >  15l,  >  35*:  c*  <  4  kn^erf2. 


Jig.  92.  Changes,  in  strength  of  Tig.  93.  Change*  in  plastic  character- 

steel  4»14E14721t  after  tendering  istics  in  large  t-nd  esmll-gralned  steel 

for  large  and  email  grains,  ac-  of  t7p#  14-14-2  (4Thl4H14T21i)  during 

cording  to  remits  of  short- tice  short-tit*  tests  for  extension, 

testo  for  extension.  1  —  temper-  1  -  Tempering  temperature  11C0°C,  small 

ing  temperature  1160°C,  large  grain;  2  -  tempering  temperature  1130°C, 

grain;  2  -  tempering  tempera-  large  grain, 

turw  1100°C,  smell  grain. 


Ordinate:  limit  of 


in  xg/mm? 


Abscissa:  °C 
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5  5  >  3=£,  a  n  >10  kg/c=?.  Sometimes  tempering  is  followed  by  agin^  at 
75C®C  during  5  hours. 

Change*  in  tou^mess,  according  tc  result*  of  hot  short- tine  tests  for 
extension  after  teepering  for  loth  large  and  snail  grains,  are  shown  in  fig.  92. 
Changes  in  properties  of  plasticity  are  shorn  in  fig.  93. 

Combined  data  concerning  yield  point  and  tensile  strength  of  steel  4Ihl 411 472k 
at  different  test  tesaeratnres  are  given  in  fig.  9ft  and  95. 


Jig.  94.  Sate  of  creep  in  steel  4Zhl4H4T2H  at  600-700°C 

Ordinate:  licit  of  creep,  in  kg/aa£ 

Abscissa:  hours 

Because  of  comparatively  hi^:  carbon  content,  steel  of  type  4Xhl4514V2y 
has  significant  tendency  toward  aging,  in  which  the  formation  of  carbidic 
phases  during  heating  proceeds  for  a  long  Sisultanscus  influence  of 


hi£:  stresses  and  temperatures  during  work  service  leads  to  great  structural 


< 


instability,  connected  with  a  drop  of  heat-resistant  properties.  Therefore  in 
cases  nhen  steel  cf  type  4ZhI4}Q.472y  is  intended  for  raxing  parts  which  are  to 
work  at  high  temperatures  under  conditions  requiring  rery  long  life,  the  com¬ 
position  of  the  steel  is  codified  in  such  a  say  as  to  increase  structural 
stability  and  to  decrease  the  tendency  for  aging. 

A  definite,  long-lasting  effect  was  achieved  by  the  introduction  into  the 
steel  of  0.8-1.0J*  Xb  (A*  M,  Borsdyka)  and  of  titanium  (steel  X H2S)  which  jointly 
fora  carbides  soluble  with  difficulty  in  austenite  at  usual  tampering  temperatures. 
Therefore  the  quantity  of  carbon,  *ich  can  fora  carbides  during  work:,  is  de¬ 
creased.  In  improvement  of  stability  in  steal  4Xhl4X14TZM  can  be  attained  by 
decreasing  carbon  content.  Shis  was  dons  in  steel  lXhl4S1432X  (XI 2 57),  the 
carbon  content  of  which  does  not  exceed  0.15^. 

Steel  XI257  has  found  widespread  use  for  asking  inport  ant  parts  of  boilers 
and  turbines  of  high  parameters. 

Bis  mechanical  properties  of  steel  Uhl<Sl<72M  at  high  temperatures  are 
shown  in  fig.  96  and  97. 


Tig.  95,  Tensile  strength  of  steel  42hl4514T2M  (XI69)  at  600-700° C 

Ordinate:  limit  of  strength,  in  kg/nc?  Abscissas  hour* 
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jig.  96.  LidtB  of  tenaile  atreagth  of  steel  lZhl4£l472U  (11257)  at  550-700°C 


Ordinata:  Licit  of  strength,  ia  kg/=^  Abscissa:  hoars 


jar  a  atill  greater  ieproTtaent  of  structural  stability  in  steel  14-14  a 


aiaaltaaaoua  deeraaaa  of  carbon  content  and  an  addition  of  a  strong  carbide. 


forcing  elenent  ia  soaetioes  carried  out.  Thus,  atacl  1X514X147213  aaa  created. 


(Ita  conpoaitiont  5  0.1  Sf  C,  ^  0.8J  Si,  ^  0.7Jt  to,  13-15^  Cr,  13-15^  Xi. 


«.75J(  X,  0.45-0.«&  vo,r-'0.sf,  2i.) 


rig.  97.  toaiataace  to  creep  of  Tig.  93.  Seeistance  to  creep  of  steel 


ated  l&nl«aLaT£M  v*x«orj  s* 


|  an^ 4?£.ai  («I25?  »AVOUXAU£3/  »V 


KVWfi-^0  fi 


600-S50°C 


Ordinates  licit  of  creep. 


Ordinate;  licit  of  creep,  ia  3cg /=? 


in  ig/na2 

ibspiasas  Speed  of  creep,  >/ hoar 


Abscissa:  apaed  of  creep,  jJ/bcar 


■j . . 


t 


-  . 

■*  *  •*#-,  * 


This  steel  is  subjected  to  sorcaiiring  fros  1100°C  and  aging  at  850°C  during 


10  hours.  Heat-resistant  properties  of  steel  51257  with  titanius  are  given  ih 
fig.  98  and  93. 

Oar  industrial  works  produce  still  another  variant  of  steel  14-14-2  called 
brand  2&14514TS  (21240)  containing;  0.4-0.551  C,  2.7-3.3£  Si.£  0.?£  Us  (illeg.) 
-1 Cr.  13-14^  a,— 'O.ojt  lio,  2.0-2. 8*  1. 


Kg.  99.  Tensile  etrength  of  Steel  lXhl4H4T21tt  (11257  with  titeniua)  at  600-650°C 
Ordinate:  Unit  of  strength,  in  kg/as? 

Abscissa;  hours 

After  ther..- treatment  consisting  of  heating  to  820-850°C  (during 
(illeg)  .5  to  2  hours  d spending  on  corss-section)  and  cooling  in  air,  the 
steel  has  satisfactory  tensile  strength  at  t super* turss  —  550°C  (table  29) 
aid.  good  resistance  to  corrosion  up  to  1000® C. 


Table  25.  Lisdte  of  tensile  strength  of  steel  of  type  2hl4XUYS 


1)  Test  temperature  in  °C;  2)  Constant  stress  in  icg/na  which  causes 

destruction  after  the  foliosing  tine  in  hours 


Carotaa-nickal-aoiybdenua:  steel  of  typs  16-25-6  (corresponding  to  'brand 
1139 £  according  to  UPJU  23S2-49).  It  contains:  5  0.12$  C,  l.C-2.0 <  to, 
0.5-1.0JC  81,  up  to  0.02$  S,  up  to  0.03$  P,  15.0-17.5$  Cr.  24.0-27.0$  li. 

5. 5-7.0$  Ho.  Q.l-0.2$  3g. 

The  rational  alloying  of  the  steel  detersdnes  its  high  heat- resistance 
together  irith  great  structural  stability,  shich  rakes  it  possible  to  recoarend 
steel  16-25-5  (II 355)  for  conditions  of  very  long  serwice  (23).  The  stability 
of  structure  is  enhanced  also  by  the  cornier  composition  of  the  strengthening 
phase  in  the  steel,  shich,  according  to  our  inwestigatione,  is  only  slightly 
inclined  toward  coagulation  and  has  carbo-nitridic  character.  The  formula  of 


two  Sts oS^twoM tuft  viiev  Os  •bill  i*i 


VJW,  aiV2»  i*0*  vrjf. 


greatest  influence  upon  hardness  increase  in  the  steel  after  aging  is  exerted 


by  carbon  end  cclybdssns. 


She  mechanical  properties  of  steel  21395  after  various  treatments  are  given 
in  fig.  100  -  104. 

The  development  of  the  tendency  tc  increase  the  nickel  content  in  steel 
together  site  a  nicaltanecus  addition  of  carbide-forcing  elements  has  led  to  the 
creation  of  a  number  of  brands  of  heat  resistant  steels  vitb  a  high  nickel  con¬ 
tent.  .Among  them  the  following  have  found  use  in  our  hone  industry. 

Steel  31424:  0.1-0.16*  0.  0.4-0. S*  Si.  0.4-0.9*  ta,  14-16*  Cr.  38-32*  XI. 

1. 5-2.0*  Si.  She  thsrmel  treatment  Includes  tempering  at  from  1200° C  eith  cooling 
in  mter  and  aging  at  700°C  during  48  hours,  fire  steel  has  a  satisfactory  heat- 
re  sistaace  at  teeperatures  of  700-7 50° C  (fig.  105  and  106). 


Tig.  100.  Samite  of  teste  for 
tensile  strength  of  typs  16*25-6 

aSaWI  *- - - S  t  AAAOa 

«e«s«  e«Me|rveeae  •«  aatfai  *4W  V* 

Sest  temperatures:  1  -  650°C: 

3  -  700°C;  3  -  75PC;  4  -  800°C. 


Ordinate:  licit  of  strength 
Abscissa:  hours 


Tig.  101.  Semite  of  test  for  tensile 
strength  of  steel  16-25-6 
1  —  twouvfiag  sv  area  i2uCrCt  cold 
hardening  to  20*  and  aging  at  70C0r.m 
test  tasperature  7O0°C;  2  -  tampering 

at  from  1200°C  and  aging  at  700°C,  best 
temperature  700®  C;  3  -  tampering  at  froc 
120 CPC,  cold  hardening  to  20*  ana  aging 
at  800 °C,  test  temperature  800°C; 


•97- 


Tig.  101  (continued). 


4  -  tempering  at  from  1200° C  and  aging  at  300^0. 


Ordinate: 


licit  of  strength,  in  >g/ms£ 


Abscissa:  heart. 


Tig.  102.  Lindt  of  fatigue  at  rooa 
and  hi  temp  era  tore*  of  type 

16-25-6  steel  after  tendering  at 
from  1200°  C,  cold  hardening  to  20$ 
and  aging  at  300°C  during  15  hour*, 
a)  teat  temperature  800°C,  (ill eg), 
equal  18.0  kg/ccF;  b)  teat  tea* 
p  era  tore  700°C,  a  -  23.5 

iftve 

kg/'mn?;  c)  tett  tesperature  650°C, 

0  -  26.5  kg/nc?;  d)  test  tea. 

fa*. 

peratur*  20  C,  Z  32  kg/su?. 

Oidinate:  limit  of  fat. 
kg/ns£ 

Abscissa:  number  of  cycles. 


Tig.  103.  Limit  of  fatigr*  at  rooa 

tsnpsrature  and  at  high  temperatures  of 

type  16-25-5  steel  after  tempering  at 

from  120CPC,  cold  hardening  to  20$  and 

aging  at  700°C  during  50  hours. 

a)  test  temperature  700°C,  s  -  27.0 

kg/ as?;  b)  test  temperature  650°C, 

d  Z  28.5  kg/ac?;  c)  test  tenseratara 
-1 

20°C,  a  -  35  kg/na?. 

-1 

Ordinate:  fatigue  limit  ,  in  ig/cc2 
Abscissa:  numb or  of  cycles,  millions. 


millions 


Tig.  104.  Cnaractsrissics  of  cre^>  3!g.  ICS.  assistance  to  creep  of  steel 
in  steal  1&-25-6  at  S50-820°C  II 424  at  650-700° C 

Ordinate:  limit  of  fatigue,  kg/ ms?  Ordii»tet  limit  of  creep,  kg/sx? 

.  I'bscias&j  2&te  of  creep,  f  per  hour.  abscissa:  oped  of  creep,  jt  per  hoar. 


H&  106.  Tensile  strength  of  steel  XX424  at  600°C  (tespe rating  st  1S00°C, 
cooling  in  satsr),  end  at  700°C  (tampering  tad  aging) 

Ordinate:  lisit  of  strength,  kg/re2  gbscissa:  hour*. 

However,  because  of  a  great  capacity  for  aging  the  steel  is  not  usable  vurier 
conditions  of  long-life  service  (as  i;  has  a  low  plasticity  after  prolonged 


heatings  at  650- 700° C) 


rass^i 


- 


31*.  10?.  TesiUa  strength  0/  steel  SI 612  at  57O-650°C 


1  -  » sooth  samples; 


2  -  sanplss  with  a  comer  notch. 


Ordinate:  lisit  of  strength,  kf/an?  Abscissa:  hours. 


fig.  103*  assistance  to  creep  of  steel  XI 612 
Ordinate:  lisit  of  ersep,  kfjsc?  Abscissas  j(  ptr  hour. 


Tig.  109.  Tensile  strength  of  alloy  21692  at  650°C 


Ordinate:  lindt  of  strength,  kg/rn? 


Abscissa:  hours 


:  -  £j 


v  ’£*•- 

..-'r 

- 


•  t 
/ 


/ 


■n  n 


-100. 


Q 


«>7  H.  ?  '3-^>-v  . 


^  - 


•  ?< 


1-.-? 


rr-l 


Steal  21612:  <0.124  C,  0.25-0.5*  Si,  1-2*  to,  2.S-3.24  3,  14-16*  Cr, 


34-384  Si,  1.1-1.44  Ti.  After  tecoering  at  from  liSO^C  with  cooling  in  Tatar, 


the  steel  i«  subjected  to  double  aging: 


a)  at  740-760° C  daring  10  hour*. 


b)  at  700-710°C  during  25-50  hours. 


Sbs  limits  of  tensile  strength  and  creep  of  eta  el  HI  612  are  given  in  fig. 

107  and  103.  She  steal  is  used  for  Tasking  turbine  vanes  working  at  teapsraturas 
Of  650-680°C. 

Steel  E692:  ^  0.084  C,  up  to  1.0$  Kn,  up  to  0.54  Si,  14.5-164  Cr,  36-384 
li,  2.3-3.04  »,  2.3-3.04  Mo,  1.2-1.44  Si.  She  properties  of  the  alloy,  according 
to  data  of  A.  M.  Borsdyk,  are  given  in  table  30  end  in  fig.  109  nod  HO. 

High  keat-reaietant  properties  are  possesaed  by  chrone-nickel-nang»neee 
steels  additionally  alloyed  with  vanadium,  molybdenum,  tungsten  and  other  elements. 
In  our  country  steels  of  this  type  are  successfully  developed  ly  ?•  X«  Zhiruahkia 


with  his  collaborators. 


It  is  rational  to  carry  out  the  alloying  of  chrome-manganese  austenitic 


■taels  with  elements  with  elements  that  would  counteract  the  Impairing  influence 
of  manganese  upon  tome  technological  properties  and  also  upon  the  formation  of 


a  -phase,  and  would,  at  the  same  time,  secure  an  increase  of  heat— resistance 
through  joint  alloying. 
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Jig.  110.  assistance  to  creep  of  alloy  1X692  at  650°C 
Ordinate?  linit  of  creep,  kg/a s?  Abscissa*  rate  of  creep,  1  per  hour 

As  aony  investigations  have  shown,  a  partial  replacement  of  manganese  with 
nickel  (5-81)  is  very  effective. 

The  addition  of  nickel  pro  notes  the  obtaining  of  stable  austenite,  decreases 
the  tendency  of  the  steel  to  lose  son*  of  its  static  and  dynamic  tensility  in 
consequence  of  repeated  heatings,  and  increases  resistance  to  corrosion  by  gases. 

Below  are  given  characteristics  of  the  properties  of  some  austenitic  chrome- 
nlckel-s&ngane »e  steels  used  in  our  hone  industries  that  have  been  additionally 
alloyed,  in  a  number  of  cases,  with  tungsten,  molybdenum,  vanadium  or  silicon. 

Steel  of  type  2SH3S4&9.  According  to  data  by  Zuyev,  end  others,  the  steel 
has  the  following  mechanical  properties  after  annealing  at  3SO-900°C: 

.4  *.  -  __  4.,..  Of*  «vva 

aosw  cviu «  »»tf« .  iw  uw  ^vru 
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22.5 

14.6 

7.1 

34.3 

34. 6 

35.7 

71.9 

76.1 

73.9 

13.5 

15:21 

'-A»A 

122 

88 

71 

Mechanical  properties: 

Tensile  strength  a  ,  .in  k^sra2 
6 

Elongation  ^  ,  in  i 

Harrowing  of  cross-section  In  £ 

Besilience  G  ^  ,  in  kg/cn? 

Hardness 


Ta*.  30.  Mechanical  properties  of  steel  31692  at  roots  a*l  hastened  temperatures 

1)  Properties: 

Unit  of  strength,  in  kg/ ns? 

Unit  of  creep,  in  k^tas? 

Slongction,  in  £ 

Xarroaing  of  cross-section.  In  Jt 

Besil lienee,  in  kg/cn?  after  2500  hours  of  heating  at  700°C 

Tensile  strength  in  kg/se?  for  a  tine  duration  of  hourax  1000.  10.000.  1,000.000 
Unit  of  creep  { yield  point)  in  kg/ an  for  a  creep  rate  of  10“4^hour 


-5 

10  jt/ hour 


2)  lest  tenpsrature  in  °C.. 
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for  the  core  expensive  highly  nickelic  steel  of  type  4Shi45i4?2M  for  reeking  velvet 
of  powerful  engines.)  It  contains:  0.2-0. 4 i  V.o  end  0.8-1. £  (21210).  It  ic 
usually  subjected  to  annealing  at  850°C  during  2  hours.  After  this  It  has  the 
following  mechanical  properties: 


Test  temperature,  -~C 

700 

SCO 

900 

Mechanical  properties: 

Tensile  strength  a  in  kg/as? 

28 

18 

8 

Slongatlon  8  5»  in  £ 

40 

45 

65 

Sarrowlng  of  cross-section  ,  in  £ 

60 

65 

SO 

Eesilience  <*  kg/cu2 

7 

8 

16 

Steal  of  tyae  42kl4S3&3.  containing  0.4-0. 8*  iio  and  1.4-1.8jt  V  (£1310), 

us  subjected  to  treatment  for  dispersion  hardening:  Tempering  at  from  1160-1200°C 

with  cooling  in  water  .or  in  air,  end  aging  at  8Q0°C.  After  this  treatment  the 

steel  has  a  high  yield  point.  Tith  a  deformation  speed  of  0.2jt  for  100  hours 

it  i«  at  500°C  24.5  kg/ca  ,  at  600°C  20.0,  at  700 °C  12.5,  at  SddPC  7.3  kg/rr?. 

•  Data  conce-uing  tensile  strength  are  given  in  table  31. 

?.  ?.  Zhiaonhkin  points  out,  that  the  heat- resistance  of  steel  21383  (as 

al— g  of  many  other  alloy*,  banco  on  Iron  nuu  uitucl/  uiopi  (hszsiy  when  the 
structure  contains  great  disparity  in  grain  sizes.  This  usually  occurs  when 


Table  3*. 


Limits  of  teneile  stren 


steel  4Zh 142333 


i)  Treatment: 


xenprrlng  at  fro a  1150°S 
Seme 


Tempering  at  fro  a  11S0°0  piuB  aging  at  ?GO->C 
Tempering  at  rr os  11S0°C  plus  aging  at  &QQcC 

2)  Test  temperature  in  °C 

3)  lixi.ts  of  tensile  strength  in  kg/e-£  for  a  tin*  io  hour* 


in  a  piece  of  work  (or  in  an  item  toeing  made)  sen*  volume*  sra  deforced  to  the 
critical  degree  during  forging  or  stamping.  Then,  during  a  subsequent  heating 
to  a  high  temperature  for  tempering,  these  volumes  get  a  large-grained  structure. 

linen  items  toeing  mado,  or  sarnies  with  variousl7-*i*ed  grains  in  the 
structure,  are  subjected  to  streesee  at  high  temperatures,  the  volume*  of  smell¬ 


grained  structure,  shich  have  lesser  heat  resistance  and  greater  plasticity, 
defers  easily.  Therefore  the  volumes  of  large-grained  structure  and  slight 
plasticity  (that  do  cot  deform  as  much)  must  tosar  a  large  load.  This  caused 


premature  cracking  along  groin  limits. 
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junctions  of  Irr^er  end  ensile r  ^raine,  -ni  iha*.  r-  wn cin0  cart  has  n  life  length 
in  proportion  to  the  uniformity  or  diapnrtly  of  grainsisee. 

SCi£3  3C1SSTIC  HI3ELY  H253-R2SISTA2T  A0SY12ITIC  STSSLS  0S2D 
Is  hunS  23IL&I2& 

Chrana-copganeis-sicsal  steel  of  brand  31431.  Coverage  content:  0.335  C, 
13>  Cr.  B%  Si.  Bp  Sn.  1.35  V,  1.14*  So,  0.35  Sb.)  Inis  steel  has  found  use  in 
caking  turbine  disks  of  ths  cost  varied  dimensions  neighing  from  SO  to  500  kg 
and  with  disasters  of  up  to  one  aster.  It  is  also  used  for  band  rings  (joining 
the  disks),  deflector  shields,  labyrinth  packings,  and  rs- enforcing  details. 

Tig.  111-113  show  changes  in  mechanical  properties  of  steel  SX4S1  in  de¬ 
pendence  upon  test  temperatures.  The  data  given  are  for  samples  sith  a  hardness 
(along  the  diameter  of  the  impression)  of  3.3  and  3.55  us.  A  harder  steel, 
that  results  from  agirg  at  650-700°C,  h<~,s  great  toughnem  bat  &  lowered  and 
unstable  heat  resistance  because  of  a  sensitiveness  of  ths  steel  to  notching 
at  sorbing  temperatures  (650°C).  This  is  corroborated  by  tests  of  ssootn  and 
5?tcr.*Q  samples  and  tests  of  disks  on  poser-producing  machine*. 

In  aider  to  decrease  the  seasitiveneve  tv  i»UuUg  a  double  aging  uas 
proposed  (first  aging  at  6S0°C  during  15  hours  and  a  second  aging  at  780-300°C 


during  10-15  noera) .  Such  treatment  secured  a  good  heat- resistance  sad 
durability  of  the  disks  at  work,  especially  along  the  rim. 

la  order  to  raise  the  licit  of  strength  and  the  yield  ocint  of  the  material 
at  the  hub  of  the  dick,  it  is  recommended  that  the  shole  disk  be  subjected  to 
the  first  aging  and  then  to  do  the  second  aging  at  £GQ°C  only  along  the  rim  of 
the  disk  in  order  to  soften  it. 

2here  are  further  possibilities  of  economising  on  nickel  in  steel  2I4S1 
by  reducing  its  content  to  5J(,  and  also  by  excluding  niobium  from  the  co im¬ 
position  of  the  steel  through  the  use  of  purer  iron  in  smelting.  Brand  21734 
•teel  has  practically  the  same  properties  (fig.  114)  as  brand  3X481  steel,  ani 
it  is  recommended  for  a  number  of  parts  working  at  high  t scope ratures  (bands, 
bolts,  cotter  pins  and  disks). 

ghrome-nickel-titaniua  steel  of  brand  31656  is  used  for  caking  turbine 
disks,  powered  (or  stressed)  parts  of  turbine  vases,  coupling  rings,  shafts, 
parts  of  bell  souths.  Chambers  of  final  combustion  made  of  steel  2X698  worked 
fully  satisfactorily  at  working  temperatures  up  to  8G0°3.  She  raising  of 
mry.ng  (j  tn?  fJSOrfSMr  brought  forth  the  USC  cf  this  ltS«l  fox' 


vents  and  disks  of  shaft  compressors  in  gas  turbine  installations 


Tig.  111.  The  dependence  of  the  mechan¬ 
ical  properties  of  steel  21431  upon  tem¬ 
perature.  Short- tics  tests  for  tensile 
strength-  The  steel  ia  processed  for  a 

hardness  d  -3.2  esc.  (The  steel  is 
on 

susceptible  to  notching.} 

Left  ordinate;  ,  in  kg  tc  cs? 

Sight  ordinate:  “S" ,  in  kg  to  =? 
Abscissa:  Temperature  in  degrees  C. 

At  curses  froa  top  to  bottos. 


Tig.  112.  The  dependence  of  the  mechan¬ 
ical  properties  of  steel  21481  uoon  tem¬ 
perature.  Short-tine  teste  for  tensile 
strength.  The  steel  is  processed  for  a 
hardness  doca  r  3.55  ssu  (The  steel  is 
not  susceptible  to  notching.) 

Left  ordinate:  ,  in  kg  to  cs2 

Sight  ordinate:  3,  in  kg  to  me? 
Abscissa:  Temperature,  in  degrees  c. 


Zn  its  heat-enduring  properties,  steel  of  brand  21696  is  xtry  close  to  the 
nickel  alloy  of  brand  ZI4373,  equivalent  to  alloy  5I437A  (eee  page  745)  and  is 
one  of  the  nest  heat-enduring  steels  among  iron-bused  alloys. 

The  flucto«ti«2  of  hcai=mduruucs  y ivpiriiee  of  bmna  S3 636  steel  is  sheen 


sith  test  temperatures  in  fig.  115.  At  500  to  S50°C  this  steel  is  someshat 


Jig.  113.  Limits  of  stress  rupture  strength  of  steel  21481  (processed  for  s 

hardness  of  d  -  3.55)  at  600  to  ?503C 
onzi 

Left  ordinate:  Lindt  of  tensile  strength,  in  Ig  to  xx? 

■  Abscissa:  hours 


inferior  to  alloy  214373,  »&ile  at  700  to  750°C  it  is  Tery  close  to  the  latter. 

In  coaparison  sith  steel  XX4B1,  steel  of  brand  31636  has  greater  nent- 
andurance  and  is,  therefore,  recoaoarded  for  taxing  aost  stressed  turbine  discs. 


W*  —  n  1 C  *.  .a  i-.*-  -  -  _•  • 

aav*  a**v  «veua»e  /a  vcav*  U .  SVC •’i 

31696  samples  at  high  temperatures. 
Thermal  treatment:  tendering  at  from 
1150°C  (cooling  in  air  and  aging  at  7C0 
to  750° C  during  16  hours). 


chenical  properties  of  steel  2X734 
upon  temperature.  Short-tine  tests 
for.tensile  strength. 
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Tig.  115.  (continued) 


^  Tig.  114. (continued) 

Left  ordinate:  kg  to  cs?  left  crdinate:  Limits,  in  kg  to  n=2t  of 

Big?it  ordinate:  2,  in  kg  to  ms2  6  ,  &  in  £ 

2ig)it  ordinate:  2,  in  kg  to  an2 
Abscissa:  Temperature,  degrees  C. 

In  producing  ste*L  21636  special  attention  is  given  to  the  presence  in  tie 
ingredients  of  material  batches,  s specially  rion,  of  injurious  admixtures  -  lead, 

•  tin,  antimony,  bi snath  end  others,  the  content  of  ehich  cast  be  minimal .  Boren 
has  a  very  great  influence  upon  heat- endurance  properties,  as  aa j  be  seen  from 
tbs  cosparisan  of  data  given  in  table  3 2. 

The  part  played  by  aluminum  ie  not  yet  definitively  ascertained,  but  it  is 
established,  that  In  objects  of  small  crose-ssctiohs  high  heat-enduring  properties 
are  obtained  toth  then  using  steel  with  small  aluminum  content  (O.lOi)  and  then 
using  steel  eith  a  heightened  aluminum  content  (0. 80  JE) • 

K<  gb  hsat-sniurance  properties  of  stesl  SI5S5  are  obtained  after  corresponding 
thermal  processing,  consisting  of  tempering  at  tsrmsraturaa  of  from  1100-120d3C 
and  subsequent  aging  at  70&-8C0°C.  The  thicker  the  cross-section  of  the  object, 

the  higher  the  temperature  of  tempering  and  aging  met  be.  Tor  small  cross¬ 


sections  {eith  diameters  of  not  over  80  mm)  good  results  are  obtained  after  tern- 


Ii£>  116*  Change*  In  hardness  of  steel  II696  In  dependence  upon  temperature 

and  the  doratios  of  aging 

Bight  ordinate:  Hardness  gbeciesa:  hours 

Sts  properties  of  steel  XI696  at  20° C  are  given  in  table  33. 

Steel  glff?6  velds  completely  satisfactorily,  bat  requires  tbs  observance  of 
welding  conditions.  Beet  of  all  it  is  forged  and  welded  in  a  state  of 
having  been  tempered  for  austeniticity  (tempering  in  air  at  froa  llOOPc).  Sub¬ 
sequently  th#  parts  for  welding  are  subjected  to  aging  at  700  to  750° C  during  5 
to  16  hours  iu  order  to  heighten  their  heat-endurance  and  toughness.  During  spot 
and  roller  welding  s  higher-  pressure  of  electrodes  is  necessary,  while  during 
argon-arc  welding  a  steadiness  of  welding  condition  is  indlspsnsibla  to  avoid 
tho  appearance  of  defects  (crac'ss}.  as  it  is  herd  to  weld  that:  over.  Steel 

containing  2.4  to  2.7*  2i  and  0.00B%  2  smi  uith  loss Sw  •luoiuua  con¬ 


tent.  veldt  better:  3jr  casual  welding  the  steel  velds  veil, 


-V; 
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Basic  highly  durable  austenicic  steels  -used  abroad. 


Steel  Her  ?8i  <  0.12=t  C,  5  1.035  *in,  •£  1.055  SI,  1?  to  18.S5£  Hi,  13  to 


14.555  Cr,  3.5  to  4.555  Cu,  3.5  to  4.556  Uo,  0.5  to  l.C#  Ti,  —  0.25J&  7,  is  used 


for  disks  end  vanes  of  gas  turbines.  Tee  steel  is  tespered  at  from  1050°C 


(sith  air  cooling)  and  subjected  to  double  aging: 


a)  at  800°C  during  3  hours,  cooling  in  air; 


b)  at  600°C  during  48  hours,  cooling  in  air. 


Table  33.  Mechanical  properties  of  steel  21636  at  room  temperature. 


1)  Smeltings:  a)  smelted  in  an  induction  furnace  (6  smeltings). 


b)  smelted  in  arc  furnace  (7  smeltings). 

c)  smelted  in  ere  furnace  (15  sositings). 


d)  are  furnace  (3  smeltings). 


2)  Kind  of  semi-finished  product:  a)  rod.  32  mm  in  diameter,  rod  26  sn 


in  diameter. 


b)  forgings,  90  mm  in  diameter, 

c)  forgings.  90  ism  in  dies., 

d)  forgings,  90  sa  in  diaa. 


e)  forging 


3)  Conditions  of  thermal  treatment:  a)  Tempering  at  from  1100° C  (during 
2  hours),  cooling  in  air,  aging  during  16  hours  in  air, 
b)  Tempering  at  from  1100° C  (during  2  hours),  cooling  in  air,  aging 
at  700°C  during  16  hours,  cooling  in  air.  Tempering  at  from  HOO°C 
(during  2  tours),  cooling  in  air,  aging  at  750° C  during  IS  hours. 


cooling  in  air. 


f- 
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Tsbls  33.  (Coatiraed).  (3) 

=)  Bering  «t  torn  IISO-IZGO^C  (during  2  Hauls),  cooling  la  sl.  ^ 

C  during  16  hours,  cootlng  la  air,  rendering  et  free  1160-1200°c 
(during  2  hours),  cooling  in  sir,  aging  at  7SCOC  during  16  hours,  cooling  In  sir 

d)  I,C?’rl=£  “  ,r“=  113005  *■—«  «  =■—).  cooling  in  air.  .gmg  at  ^  ' 
during  16  hours,  cooling  in  air.  SWpsriug  at  Iron  1130OC  (during  5  hour.), 
cooling  in  satsr,  aging  at  TOtTO  during  16  hours,  cooling  in  Ur, 

.)  Tanpariag  a,  iron  U50=C  (during  2-2  hours),  cooling  1.  satsr.  aging 
750°c  durin<  10-16  hour  a,  coollrc  ia  air. 


<)  iccoricd  to  data  o f  XlaetxuatMl  ^  ?LUl 


The  heat- endurance  properties  are  illustrated  by  graphs  in  fig.  li?. 

Steel  IS-S  Z.  Itn:  0.03$  C.  3  to  10$  2?i.  13  to  22$  Cr,  0.2  to  0.5$  ife, 
“1*£?  °»  C.2  to  0.  rri  5b,  0.2  tc  0.6$  Si,  is  used  in  gas  turbine  con¬ 
struction.  The  steel  is  subjected  to  tempering  in  water  at  from  U00°C  and 
tc  aging  at  650°C  during  4  hours,  or  to  hot  banner  hardening  with  subsequent 
ftglbg  at  650°C  during  4  hours.  Die  latter  treatment  ie  used  sore  often.  The 
heat-endurance  properties  after  this  treatment  are  shown  in  fig.  118. 

Steel  19-9  BL»  0.25  to  0.35$  C.  8  to  10$  Si.  18  to  22$  Cr.  1.0  to  1.5$  S, 
(illegible)  0.6$  Eb,  0.2  to  0.6$  Ti.  Die  calculated  curvet  for  a  temperature 
of  730  C  after  two  variants  of  thernal  treatment  (a  -  aaxi-hot  banner  hardening 
and  aging  at  730°C  and  b  -  tempering  at  from  12C0°C  end  aging  at  730°C)  are 
presented  in  fig.  113. 

Steel  C-1B-B  (in  conposition  it  is  dose  to  eteel  H434):  0.4$  c.  1  \  51, 
*5$  Cr,  10$  Co,  (illegible)  .5$  ko,  3$  f,  3$  Sb.  Data  concerning  the  resistance 
to  creep  within  the  licit*  of  tensile  strength  of  the  steel  at  temperatures  of 
600  to  900s C  are  presented  in  fig.  120.  The  fatigue  limit  of  the  steel  is  shown 
in  fig.  121. 

Steal  jfaltjggt  *-155?  0,03  tc  0.15$  C,  13  to  21$  ii,  a  to  22$  Cr,  18.5 

to  21.0$  Co,  (Illegible)  .5  to  3.5$  ito,  2  to  3$  5,  0.75  to  1.75$  5b,  0.1  to  0.2$ 

J^.  The  characteristics  to  tensile  strength  and  of  resistance  to  creep  ere 
presented  in  fig.  122. 
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Tig-  117.  2he  licit*  of  creep  aad  of  ?it>.  US.  licit*  of  ere  jp  aai  of  tactile 


*  tactile  strength  of  ateal  H'»z-?S« 

1  -  rat#  of  creep  Q.2$>  for  300  hours; 

2  -  rate  of  creep  0.2j»  for  1000  hours; 

3  -  tensile  strength  for  1000  hours. 


strength  rf  steel  19-S5  j£o. 


1  -  rate  of  creep  10“fi^hour; 

2  -  rcte  cf  creep  10-^'hour; 


3  -  trestle  svreagft  tor  1000  hours* 


Left  ordinate:  lialt  of  creep,  of 


4  *  tensile  strength  for  10.000  hours. 


tensile  strength. 


in  leg  to  sb?. 


Ordinate;  Licit#  of  creep,  strength, 
in  kg  to  sc? 


Abscissa*  Tesperature,  f- 


Absciea**  Taaperxtere,  3g 


Steel  Discalloy:  O.OSjt  C,  25?  3i,  13*  Cr.  3<  kO,  0.5*  ?i.  0.2*  At. 


Theraal  treatment:  fceetisg  to  106S&0,  co-ling  with  the  ffcrsec*  or  in  oil. 


aging  at  730®C  during  20  hours.  Cal  ml*  gal  curves  for  dfC>C  are  atissn  in 


fir.  IPS-  The  aaluea  of  durable  atreegfc.  resiatuac*  to  ocean  are  £ir»2 


in  fig.  124. 
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.  Tig.  J.19.  Calculated  curves  of  alloy  ?ig.  12C.  The  licit*  of  crtep  and  durable 


13-S  2L  for  a  temperature  of  730°  C 


•trsEgth  for  steel  G-1S~B 


a)  After  cerci-hoi  nanusr  hardtnirs 


Speed  of  creep:  1)  0.l£  after  300  hours; 


ard  aging  at  730°C 


2*  Q.Vi  after  1000  hours; 


b)  After  tempering  at  trou  1200°? 


3)  C.l£  after  20-00  hours 


and  ag«ng  at  7&PC 


Durable  streo^thx  4)  after  300  houre; 


figures  at  the  curvet  signify  total 


5)  after  1C09  hours; 


stretch  (or  January  al*»a*ntiou) 


Above  ver-fciC  roiusu  of  T?  surest 


6)  after  10,000  hs<rs 

Above  vertical  caltsn  of  figure*:  kg  to  nrs^ 


Jiheit  iu  kg  to  =c^. 


j?igaxes  at  bottom  7szperature,  in  °C 


JKgarea  rt  bottom  hours 


Legends,  fro  a  top  to  bottet 


Destruction;  3rd  stage  of  creep; 


3rd  stare  of  creep;  Destruction. 
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Fig.  121.  Linits  of  fatigue  for  steel  Q-18-B 

Above  vertical  column  of  figures:  k g/as£ 

Figures  belov:  Sunber  of  cycles- 


Tig.  122.  Licit s  of  durable  strength  (a)  and  of  creep  (b)  for  steel  1-155 

Above  vert,  col.:  kg/ras?  Tignres  at  hottest:  hours 

Legend:  Speed  of  creep.  2/hour 


Tig.  123.  Calculated  carves  of  steel  Discalloy  for  550° C.  Figures  at  curves 

denote  elongation 

Ordinate:  Licit,  in  kg  to  sue6  Abscissa:  hours 

Legends  f roc  top:  l)  3rd  stage  of  creep; 
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2)  destruction 


Kg.  124.  Id  ait*  of  creep  and  durat-le  strength  for  Diaealloy  steel 
a)  durable  strength]  t)  Creep  Unit 

Above  y*rt.  col.:  inrfns?  Ksure*  at  tot  ton:  hour* 

Xegend:  Bate  of  creep 

Steel  A-286:  up  to  0.08JS  C.  24  to  28j?  Hi.  13.5  to  16$  Cr.  1.0  to  1.5J?  Xo, 
(illegible)  .5  to  2.25>  5i,  2  b  *1,  0.3i  7.  Thermal  treatment:  tendering  at 
from  1000 °CT  cooling  in  eater,  aging  at  720°C  during  16  hours.  Characteristics 
of  resistance  to  creep  and  of  tensile  strength  are  given  in  fig.  125. 

Steel  S-590:  0.5;?  C,  20*  »,  20!?  Cr.  20i  Co.  4j?  Ho,  4*  t.  4 ;?  Kb.  Thermal 
treatment:  tendering  at  from  1200° C  in  oil  or  in  air,  aging  at  ?60°C  during 
16  hour*. 

The  results  of  testing  this  eteel  for  tensile  strength  eni  creep  axe  given 
in  fig.  126. 

Attempts  v«re  us-.de  to  improve  the  properties  of  the  steel  by  addition  to  it 
vanadius  end  nitrogen.  Hovevsr,  these  elements  impaired  heat- endurance.  She 
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Pig.  125.  limits  of  creep  ana  of  durable  strength  for  steel  A-256 
a  -  durable  strength;  b  -  creep  limit. 

Above  vert,  col.:  kg/ar'1-  figures  at  'cottons  hours 

legend:  Sate  of  creep 


Tig.  126.  liaits  of  creep  and  of  durable  strength  of  steal  S-530 
a  -  durable  strength;  b  -  creep  limit. 

Above  vert,  col.:  'c. ejxz£  Tigurea  at  bottom:  hours 

legend:  Sate  of  creep 

introduction  of  titanium  into  chro-ae-i'icVel—cn^alt- tungsten  sttel  of  true 
S-550  proved  to  be  very  effective.  The  data  obtained  after  tempering  at 
from  UOO°C  and  aging  at  700° C  during  24  hours  are  shown  in  table  34. 
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Table  34.  Heehauicel  properties  of  steel  S-5S0 


1)  Content  of  Si.  in  $  2)  Liait  of  resilienoe,  in  kg/~* 

<^)  xlce  nrztil  destruction  under  —  25  at  700®C 


-teeI  0.31$  C.  3.43$  to,  0,50$  Si.  9.5$  Si,  19$  Cr,  3$  P.  The 

optima  (or  best)  conditions  of  the  steel's  thermal  treatnents  tempering  in 
oU  at  froo  1095°C  and  aging  at  7SCPC  during  15  hours.  An  increase  of  tesosring 
tenperature  ras  followed  by  an  incre-se  of  durability  and  a  decrease  of  plasticity. 
Tbe  hardness  of  steel  H5X  after  tempering  in  oil  is  H_  -  33.  The  aechanical 
properties  of  the  steel  are  presented  in  table  35. 

A  concert  son  cf  tensile  strengths  for  100  scd  1000  hours  as  nil  as  of  the 
yield  points,  shich  ceuass  as  elongation  of  1$  during  10,000  hoars,  for  soce  of 
the  above-ssntioned  highly  alloyed  austenitic  stsels  is  given  in  fie.  127  t«  109. 


Ttg.  12S.  Cosparlson  of  the  values  of  creep  limit  tfiich  cause*  an  elongation 
of  1$  for  1C. 000  hour*  (0.0001$  per  hour)  for  a  anther  of  brand* 
of  highly  alloyed  austenitic  steals 

1  *  A~296*  2  ~  1)18 cal loy;  3  -  S590;  4  -  SSI 6;  5  -  5-155;  6  -  15-35-5; 

7  -  19-9  DL 

Ordinates  Unit  of  creep,  in  kg  to  =ri2 
Abscissa;  Jenperature,  oq 

*****  ^  properties  of  steel  SXU  at  high  temperatures.  (Semal 

treatment:  tempesting  at  from  1093°0  during  0.5  hours,  cooling  in  oil,  aging 
at  760°C  during  16  hours,  cooling  in  air.  Hsidneas  at  20°C  E->  -  33. 


1)  Temperature  in  °C  2)  Limit  of  strength ,  in  mg/cm" 

3)  Lixit  of  creep  in  kg/ns2  4)  Relative  elongation  (or  stretching),  in  $ 

5)  Relative  narrowing  (or  contraction)  of  crcss-ssction,  in  %> 

6)  limit  of  tentile  strength,  for  100  hours,  for  1000  hours. 


HRAT»*2SSIS?IS3  ALLOYS  OS  K05-F22E0US  3AS2S 
■nova  on  the  haais  of  nickel.  Alloys  of  type  Hastalloy  are  used  in  three 


variants: 

a)  Hastalloy  A:  0.04  to  0.15?  C,  18  to  22?  is,  18  to  22?  \ to,  0.8?  Si, 
the  remainder  being  nickel; 


h)  Hastalloy  S:  up  to  0.12?  C,  4  to  7?  Je,  26  to  30?  Ho,  0.5?  Mn.  0.2?  Si, 
0.3?  V,  the  remainder  being  nickel; 


c) 


Hastalloy  C:  up  to  0.15?  C,  1.5  to  17.5?  Cr, 
3.75  to  5.25?  H,  the  remainder  being  nickel. 


1.5  to  7?  IS,  15  to 


1  oj  >U 


alloy*  are  used  "both  In  a  cast  and  in  a  forged  fors*  noaever,  the  cast 
fora  gives  a  higier  level  of  heat-endurance  properties.  Gorging  is  done  sithin 
a  temperature  range  of  from  1230  to  1000°C.  She  alloys  may  be  subjected  to 
treatment  for  dispersional  hardening;  tenpering  beginning 'at  tecaeratures  of 
1180-1220°C,  cooling  in  sater  or  in  air  and  aging  at  350° C  during  16  hours.  The 
results  of  si.-jrt-ttas  tests  of  forged  samples  of  Hnstalloys  3  snd  C  at  room  m4- 


y- ■]  j-,  temoeratures  are  presented  in  *.sble  36.  2ns  limits  of  tensile  strength  of 


forced  alloy.  Hastallcy  3  arefciven  in  table  37,  smile  the  co—ined  results  of 


BUSCMOBSa^ 


short-time  tests  for  stretching,  tensile  strength  end  creep  of  cast  alloys  of 
Hastalloya  i.,  3  are  shosn  in  tables  33  -.nd  33. 

Table  36.  Jiechanical  properties  of  alloys  Eastnlloy  3  and  C 
(teste  for  short-tine  stretching) 


1)  East  alloy  2s  Test  temperature  in.  °C;  Linit  of  strength,  in  '<cg/cn2 

2)  Hastslloy  Cx  Test  temperature,  in  °C;  iinit  of  strength,  in  kg/nn2 

Selative  elongation,  in 

3)  Bote:  Therakl  treatment  of  Eostnlloy  B:  annealing  at  1180°3 

of  Eastalloy  C:  annealing  at  1200° C 

Table  37.  Tensile  strength  of  alloy  Hastslloy  3 

1)  Test  temperature,  in  °C  2)  Limits  of  tensile  strength  in 

Tith  the  following  duration  of  test  in  hours  3)  Bote;  Themel  treatment 

heating  to  1170°?.  cooling  in  air.  at  925° C  during  72  hours. 
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Table  33.  ilechonicnl  properties  of  cast  alloys  E’.sialioy  A,  3  rni  C 


1)  Aiioy  2)  Short-tiae  tests  for  extension:  (a)  Test  tecoereture,  in  °C 

(b)  Licit  of  strength,  in  kg/m?, 

(c)  Helative  elongation  (or  stretch)  in  % 

3)  fast  tes-eratnre,  in  °C 

4)  Licit  of  tensile  strength,  in  kg/sn?,  sith  a  test  duration  in  hours 


Tails  39.  Crsqp  characteristics  of  cast  alloy  Hastalloy  C  in  a  test  durction 

of  500  hours 
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2)  processing:  (a)  After  casting,  (b)  Same,  (c)  After  casting  -  aging 

At  370°C  during  15  hours,  (d)  Sans. 

3)  Jiagnitude  of  tension  in  kg/ me? 

4)  Initial  deformation 

5)  Creep  rate  in  4  r  1000  hour 

6)  Sotal  deformation  in  £ 

An  alloy,  H&atalloy  X  ,  which  is  a  substitute  for  Hastslloys  A,  3»  end  C» 

was  dfcrelcped  recently.  She  composition  of  Bistalloy  Z  is:  0.154  C,  224  Cr, 

94  Bo,  24)(  To,  the  remainder  being  nickel.  Sie  alley  contains  a  decreased 

quantity  of  difficulty  obtainable  alloying  elements.  Bowerer,  notwithstanding 

this,  it  has  sufficient  heat  endurance  and  higp-teoperature  oxidation  resistance, 

which  makes  it  possible  to  use  it  for  making  parts  of  combustion  chambers  for 
inactive  no tors. 

Alloy  B1-22S,  which  contains  26  to  29>  Cr,  4  to  64  I,  11  to  184  W,  —  0.5}S 
Bn,  —  1.54  Si.  the  remainder  being  nickel,  ie  also  used  in  the  USA  as  sheet 
material  for  combustion  chambers.  Suis  alloy  bos  good  resistance  to  oxidation 
up  to  120 0°C  and  good  heat- endurance  also.  She  stress  causing  destruction  of  a 
sample  after  100  hours  at  9S5°C  is  equal  to  3.64  kg  to  =a2  »i  1200° C  equal 
to  0.7  kg  to  me?.  Tor  1000  hours  at  365°C  it  is  equal  to  2.52  kg  to  mm?,  at 
1200° C  to  0.35  kg  to  me?. 


Fig.  130.  The  results  of  high- temperature  tests  for  fatigue  end  creep 

of  alloy  Inconel  W 

1  -  the  limit  of  fatigue  for  10  (illeg)  cycles  at  room  temperature, 

fat.  »  36.2  kg/mT;  2  -  limit  of  stress  vith  a  creep  rate  of  1$  for 
10  hours 

2 

Ordinate:  limit  of  creep,  in  kg/tn 
Abscissa:  Temperature,  °C 


Fig.  131.  Limits  of  creep  and  of  tensile  strength  of  alloy  Inconel  X 

1  -  tensile  strength  for  100  hours;  2  -  tensile  strength  for  1000  hours; 

3  -  speed  of  creep  10~%/hour;  -  speed  of  creep  10~7$/hour  for  100  hours. 

Alloy  Inconel  W;  0.05$  C,  lfc$  Cr,  6$  Fe,  2.5$  Ti,  0.6$  Al,  the 
remainder  being  nickel.  This  alloy,  like  all  alloys  based  on  nickel,  must 


have  a  very  lov  sulphur  content  (<  0.01$) .  Thermal  treatment  of  the  alloy: 


tempering  at  fron  1150°C  (during  2  to  1;  hours),  cooling  in  vater,  aging  at 
o50°C  during  2b  hours.  P.esistence  to  creep  and  to  destruction  through  fatigue 
at  high  temperatures  is  shown  in  fig.  130.  The  limits  of  tensile  strength  are 
given  in  table  bo. 

Alloy  Inconel  X  has  approximately  the  following  chemical  composition: 
up  to  0.08*  C,  it  to  15*  Cr,  5  to  9*  ?e,  0.7  to  1.2*  Kb,  2.25  to  2.75*  Ti, 

0.7*  ita,  O.t*  Si,  0.7*  Al.  The  following  conditions  of  thermal  treatment 
are  recamended:  tempering  at  frca  1150^0  during  2  to  h  hours,  cooling  in  air; 
then  the  first  aging  at  850°C  during  2t  hours  and  a  second  aging  at  700°C 
during  20  hours.  The  alloy  has  sufficiently  high  •properties  of  durability 
when  heated  (fig.  131).  The  characteristics  of  the  resistance  of  alloy  Inconel 
X  to  destruction  through  fatigue  at  high  temperatures  are  given  in  table  tl. 

Table  to.  Limits  of  tensile  strength  of  alloy  Tnermai  y 

1)  Tecperature,  in  °C  2)  Limit  of  tensile  strength  in  kg ftm  with  a 

dursticsi  ^  >v»iw 


Table  4l.  Fatigue  limit  of  alloy  Inconel  X  at  heightened  temperatures 

O  p 

1)  Test  temperature,  ir.  C  2)  Limit  of  fatigue  in  k g/mm  vith  the 

number  of  cycles 


Alloy  Befrectelloy  26  contains  cm  the  average?  0.03$  C,  l8$  Cr,  10$ 


Co,  (illegible)  $  Ce,  3$  Mo,  3$  31,  0.8$  Ka,  1.0$  Si,  0.2$  Al,  the  remainder 


being  nickel.  Thermal  treatment  consists  of  tempering  at  from  H50°C,  cooling 


in  voter  ana  in  air,  and  aging  at  730  C  during  20  hours  for  hardness  IL  »  250 


-  3^*0.  The  results  of  tests  for  tensile  strength  end  creep  at  temperatures 


of  6p0  to  (illegible)  °C  are  presented  in  figure  132. 


Alloy  K-2?2:  0.17$  C,  15$  Cr,  10$  Co,  1  to  2$  ?e,  11$  ito,  2-3$  Ti, 


the  remainder  being  nickel.  Thermal  treatment:  terpermg  at  from  106C  to 


1070  C  during  U  hours,  siov  cooling  vith  the.  furnace  to  5h0°C,  then  in  air. 
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alloys  Kimonic  80  and  S-816  -  see  fig.  13U. 
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Pig.  13 2.  limits:  1  -  of  creep  Fig.  133-  Tensile  strength  of  alloy 

(rate  of  creep  for  hours);  K- 252 

2  -  of  tensile  strength  for  100 

£ 

hours  for  alloy  P.efrectalloy  26  Ordinate;  limit  of  strength,  in  kg/m 

Ordinate;  linits  of  creep,  of  Abscissa:  bov'-rs 

strength,  in  kg/m 

Abscissa:  Temperature,  °C 


Some  of  the  bast  heat-enduring  alloys  on  nickel  bases  are  the  alloys 
of  type  SiEBnic,  based  on  nickel  and  chrome,  in- the  proportion  of  80  to  20. 

A  rational  alloying  of  this  composition  vith  titanium  and  aluminum  at  the 
expense  of  nickel  has  resulted  after  appropriate  thermal  treatment  in  a 
sharp  increase  of  heat-enduring  properties. 

The  influence  of  titaniun  and  aluminum  upon  heat- enduring  properties 
of  the  nickel-chrome  bases  is  veil  Illustrated  by  the  curves  of  fig.  135. 
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elements  (cobalt,  molybdenum,  tungsten)  heat-enduring  properties  change 


considerably,  a  fact  vhich  has  given  a  basic  reason  for  creating  a  series 


of  alloys  of  type  Kinonic. 


_•>  n_ 


’■’Iconic  75;  0.0&2  to  0.152  C,  i3  to  21p  Cr,  up  to  %  re,  C.2  to  0.62 
Ti,  1.02  Ma,  up  to  1.02  Si,  the  reminder  being  nickel.  Themal  treatnent; 

,  tenpering  at  fron  1270°C  cooling  in  vater.  in  consequence  of  the  tempering  a 
practically  uniform  large-grained  structure  of  the  hard  solution  based  on 
nickel  is  fined.  Due  to  the  stall  titaniun  content  the  alloy  Ktoonic  75 
has  lev  tensile  strength  at  high  temperature  (table  k2).  The  alloy  is  easily 
deforced,  velds  veil  and  has  high  resistance  to  oxidation.  This  detemines 
its  use  as  sheet  naterial  out  of  vhich  parts  of  heating  pipes  end  conbustion 
chambers  for  reactive  no tors  are  cade,  m  recent  tine  a  multilayer  naterial 
is  used  (the  2nglish  call,  it  "sandwich  naterial")  vhich  consists  of  a  sheet 
of  copper  rolled  between  two  sheets  of  alloy  japonic  75.  In  these  conditions 
heat  conductivity  is  imroved  and  the  durability  of  parts  is  increased. 

japonic  80 ;  up  to  0.06^  C,  19  to  22$  Cr,  up  to  l£  Fe,  2.2  to  2.82  Ti, 
up  to  0.352  to,  up  to  0.652  Si,  0.5  to  0.952  Al,  the  reminder  being  nickel. 
Therml  treatment:  tenpering  at  fron  1080°C  during  8  hours,  cooling  In 


vater  or  in  air,  aging  at  700°C  during  l6  hours. 


Eicon! c  80A  has  a  conposition  almost  analogous  to  that  of  japonic  80, 


bat  its  content  of  aluminum  and  titaniun  cc:n:-  *  ids  to  the  upper  Unit 


/ 


Fig.  13^.  Fatigue  strength  of  alloy  Fig.  135*  Tne  results  of  tests  for  creep 
K-252  in  comparison  vith  alloys  of  alloys  of  type  8o£  Hi  -  20 5  Cr,  vith 

..  -  Hisaritc  30  and  S-616  at  high  tec-  different  contents  of  titanium  end 

peraturesj  1  -  Hinonic  80;  2  -  8l6;  al'xdnua.  Kegnitude  of  constant  stress 
3  -  K-252  <j  »  37  kg/m2 ;  temperature  650°C 

P  ft 

Orr'  in-v  Unit,  in  kg/tn  at  10 
cycles 

Abscissa;  Temperature,  °C 

(■ — ’2.&%  Ti  and  up  to  1.0J&  Al).  The  thernal  treataent  of  alloy  Hinonic  80A 
does  not  differ  frca  the  treatment  of  the  preceding  alloy.  The  results  of 
tests  of  alloys  Hinonic  80  and  Hinonic  80A  for  creep  and  tensile  strength  ere 
presented  in  figures  136  -  139. 

Hinonic  90  contains  up  to  0.l£  C,  18  to  21^  Cr,  1?  to  20£  Co,  lesi 
than  1.0-«  Fe,  2.0  to  2.35  Ti,  0.8  to  1.25  Al.  The  conditions  or  «aex=ai 
treatment  are  the  sane  as  for  alloy  Hinonic  80.  Data  concerning  tests  for 
tensile  strength  and  for  creep  and  given  in  figures  I^jO  end  1<1. 
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Table  h2.  Mechanical  properties 


si  alloy  Canonic  75  at  heightened  temperatures 

1)  Short-time  extension,  (a)  Test  temperature,  in  °C,  (b)  Limit  of  strength, 

2  2 
in  kg/m  ,  (c)  nominal  limit  of  creep,  in  kg/m  ,  (d)  Hongation  (or 

stretch)  in  $.  2)  Creep  limit  in  kg/m  vith  er  elongation  of  0.l£  for 

300  hours  at  test  temperatures  in  °C 


The  characteristics  of  the  resistance  to  destruction  through  fatigue 
at  room  and  heightened  temperatures  for  alloys  Einonic  80,  Kinonic  80A  and 
Eunonic  90  are  given  in  table  V3.  The  ccc^aratively  high  fatigue  character¬ 
istics  of  alloy  Kuaonlc  90  give  a  basis  for  making  specialized  machine 
building  out  of  this  alloy  spiral  springs  vhich  vork  successfully  at  high 
te35>eratures. 


Hlmonic  is  sink?  ar  to  alloy  7iinonic  90.  However,  it  has  higher 
heat-enduring  properties  in  consequence  of  some  increase  of  titanium  and 
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alloy  Kumonic  95  somewhat  differs  from  the  treatment  of  other  alloys  of 


the  Eunonic  type  and  provides  for  a  double  tempering: 


Fig.  13o.  Creep  cfccracteristics 
cf  elloy  Kirmic  60:  i  -  Creep 
C.2i  for  ICO  hours;  2  -  creep 
0.2^  for  1000  hours;  3  -  creep 
0 for  5000  hours;  4  -  creep 
0 for  10,000  hoars. 

Ordinate:  Unit  of  cracp, 
in  ig,4n2 

Abscissa:  Temperature,  °C 


Fig.  137.  Tensile  strength  of  alloy 
Sinonic  8c. 

Ordinate:  lirdt  of  strength,  in  hg fa? 
Abscissa:  hours 

At  curves  (froca  top  to  hotton):  300 
hours,  1000  hours,  5XX)  hours, 

10,000  hours. 


Fig.  138.  Creep  characteristics 
of  alloy  IJursonic  8QA:  1  -  creep 
0.2 %  for  300  hours;  2  -  creep 
0.2j£  for  1000  hours;  3  -  creep 
0.25o  for  5000  hours;  C  -  creep 
10,000  hc’jrc , 


GiulBatc;  C7CCy  llSltj  In 


>'-cA= 


Abscissa:  Temperature,  C 


Fig.  139.  Tensile  strength  of  alley 
J; ironic  80A:  1  -  for  JX)  hours; 

2  -  for  1000  hours:  3  -  for  5COO  hours; 
^  -  for  10,000  hours- 

p 

Ordinate:  liMt  rv?  *rfcr*»xi£>th_  in  'zcrhzz 


Sizccic  90:  1  -  for  300  hours; 

2  -  far  1000  hours;  3  -  for  5000  hours 


of  alloy  Itocnic  90:-  1  -  creep 
0.2$  for  300  hours;  2  -  creep 
0.2$  for  1000  hours;  3  -  veep 
0,2$  for  5000  hours. 

o 

Ordinate:  Creep  lirdt,  in  kg/faa 
Abscissa:  Temperature,  °C 


Table  ^3.  Characteristics  of  fatigue  strength  of  Stannic  type  alloys  at 
room  sno  heightened  temperatures 

1}  Alloy:  Hircnic  60,  SOA,  90 

2)  Xiait  of  fatigue  in  fcg^n  for  kO.XO  (illegible)  cycles  at  temperatures 


Ordinate:  limit  of  strength, 
in  kg/m2 

Abscissa:  Tempera  tore,  °C 


|«r  • 


a)  first  tempering:  temperature  of  1200  C  during  1  to  2  hours. 


cooling  in  air; 


o)  second  tempering:  from  1000°C  during  6  to  8  hours,  cooling  in 


The  final  operation  is  the  usual  aging  at  700  C  during  lo  hours. 

Sse  properties  of  alloy  Kneed c  95  after  thermal  treataent  ere  given  in 
tables  and  ^5- 

Table  bh.  Mechanical  properties  of  alloy  Hunonic  95  at  high  temperatures 
according  to  data  of  short- tine  tests  for  extension  (cr  stretch) 
at  high  terperatures 

1)  Test  temperature,  in  °C;  2)  limit  of  strength,  in  i g/sa2 ; 

3)  Seminal  limit  of  creep  0.l£,  in  kg^n  ;  t)  Bolativa  elongation, 
in  •$>}  5)  relativo  narrowing  of  cross-section,  in  p;  6)  Modulus  of 

resilience  3.10^,  in  hg^xa2 
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Kinonic  103  has  the  composition: 


0.3-<  C,  1  to  Ct,  10  to  12y  Cr 


4  to  Al,  4.5  to  5*5p  u?  to  0.5j  Si,  u?  to  2$  ?e,  18  to  20y>  Co,  the 
remainder  be  ins  nickel.  It  has  higher  heat-enduring  properties  (table  46) 
than  Ifirsonie  95,  vhich  makes  it  possible  to  use  items  made  out  of  it  at 
higher  temperatures  (higher  by  30°C)  than  items  made  of  elloy  Rumonic  95- 
If  the  following  conditions  of  testing  be  accepted  for  comparison:  stress  7*5 

O 

kg  to  no  end  the  tire  period  until  destruction  of  not  less  than  100  hours, 
then  samples  of  alloy  Kinonic  80A  endure  this  test  at  a  temperature  not  above 
870°C,  vhile  samples  of  alloy  Kinonic  90  stand  it  at  900°C,  of  alloy  Kinonic 
95  -  at  920°C,  of  alloy  Kinonic  100  -  at  950°C.  She  results  of  tests  for 
sfcort-tina  tensile  strength  and  for  fatigue  at  high  temperatures  of  alloy 
Kinonic  1000  ere  given  in  tables  47  and  48.  55»  comparison  of  tensile 

strengths  for  a  period  of  100  hours  for  alloys  of  n iconic  type  (80,  8QA, 

90,  95  and  100)  is  shown  in  figure  l42. 

Changes  in  alloys  of  type  Kinonic  have  quite  a  complicated  character 
and  can  be  studied  only  by  means  of  very  fine  methods  of  Boentgen  (l-ray) 
investigation  (Tu.  A.  Bagriatskiy) .  During  recent  years  Baily  has  carried  out 
en  electronic-microscopic  investigation  of  alloys  of  the  -fissonic  type,  using 
special  methods  of  preparing  the  surfaces  of  the  object  end  bubble  (aluminum  - 
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M  Hole:  :in  porfinthonon  ()  ficuroo  obt/ilnod  by  oxtrupolotion  wo  eivon. 


Yig.  lt2.  Comparison  Ox*  tensile  Rtrpnrrhnc  Af  pTIavo  a# 

(80,  80A,  50,  95  and  100)  for  100  hours. 

Ordinate:  limit  of  strength,  in  fcg/ra2 

Abscissa:  Tenjser&ture,  °C 

alinhan  oxide)  replicas.  The  existence  of  very  find  dispersions  of  the 
second  phase  vas  established,  lie  size  of  second-phase  particles  vac  found. 
So,  after  (illegible)  hours  of  aging  at  800°C  the  nominal  magnitude  of 
dispersions  amounted  to  0.05  1*. 

Sable  t7 .  Be  suits  of  short-tine  tests  for  stretching  of  alloy  Hircnic 
100  at  high  temperatures. 

1)  Test  temperature,  in  °C;  2)  Yield  point  (0.l£)  0.1,  in  kg/fcn2; 

3)  Unit  of  strength,  in  fcg/s:2 ;  4)  elongation  (or  stretch)  in 
5)  Harrowing  of  cross-section,  in  6)  Modulus  of  resilience  2.1o3  jt~  kg/r 


nt? 


-t?.. 


.-S 
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Table  W.  Hcsults  of  tests  for  fatigue  (torsion  vith  bending)  of  alloy 

irinonic  100  at  high  temperatures 

1}  Test  temperature,  in  °C;  2)  Stress  (or  strain),  in  kg/mm2; 

r 

3)  destruction  from  the  number  of  cycles  15.10°  (100  hours); 

o  2 

h)  Temperature,  in  C;  5)  Strain  (or  stress)  in  kg/rm  ; 

6)  Destruction  from  the  number  of  cycles 


During  the  study  of  the  influence  of  aging  conditions  upon  the  average 
size  (or  magnitude)  of  these  dispersions  it  vas  shewn  that  for  all  investigated 
brands  of  alloys  of  the  Kinonick  type  the  nominal  average  dieaeter  of  second- 
phase  particles  grows  exponentially  with  the  change  of  aging  temperature  between 
750  and  675°c  and  that  it  grows  mien  more  slowly  with  a  change  of  duration  at 
constant  temperature.  The  quantity  of  dispersions  (the  number  of  particles  to 
an  area  unit  of  the  polished  micro-section)  decreases  lineally,  but  sufficiently 
fast  vith  cn  aging  temperature  of  from  700  to  600°C. 

_  .  n. —  .  — o_  ...  .  ...  r> 

cotvrt^:  ana  yuv  u  uis  decrease  proceeas  srower,  vnue  a oove  yju  c 

the  particles  of  the  second  phase  disappear  completely  (going  into  the  hard 
solution) . 


•  ■* 
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no rod  that  alloys  resist  creep  better  in  proportion  to  the 


decrease  of  the  are rare  distance  between  particles  of  the  seond  phase. 


An  investigation  of  the  influence  of  plastic  deformation,  v'nich  vas 


rsde  on  samples  subjected  to  300  hours  of  aging  at  900  C  and  to  compression 
under  pressure  of  t  tons  to  the  square  cn  has  disclosed  (apart  from  lines  of 


el  <  t\  o 


rxl - - - -*-■* - -r  — 


CU  Is  ■'» i atu  uio  (or  uati'iA  J  J  f  tinfto  U1C  Ox. 


slip  cross  the  dispersions  and  that,  in  dispersions  coherent  with  the  matrix 
(or  die),  slipping  takes  place  evor  tha  sans  planes.  In  this  case  the  dis¬ 


persions  to  not  block  the  slip  lines. 


KATIOilALLT  JBODUuS)  EEAT-ZKDDRUvG  ASD  HXCT-TSG’SHA'TnHE 
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Alloys 


7A  and 


Our  industry  produces  chrone-nlckel- 


titaniun  alloys  of  type  20-77-2.5  to  which  are  given  index  identification 
numbers  21*37,  2I*37A  and  SI*373.  Alloy  EX437A  is  smelted  out  of  purer  ’ 
mixture  materials  than  is  alloy  21*37  end  therefore  has  greater  heat- 
endurance.  Alloy  21*373  contains  additionally  0.005  to  C.009£  of  boron. 


Alloy  21*37  has  its  maximum  tensile  strength  after  having  been 


tempered  at  a  temperature  of  from  1080°C  and  aged  at  700°c  nirring  16  hours 
(fig.  1*3) .  An  increase  as  veil  as  a  decrease  of  tempering  temperature 


leads  to  a  sharp  levering  of  durable  strength. 
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Fig.  1^3.  The  influence  of  tempering  temperature  upon  the  tensile  strength 
of  alloy  Ell37.  Before  the  test  the  samples  vere  subjected  to 
aging  at  700°C  during  16  hours. 

1  -  6oo°c,  c  =  Coo  kg/—:2;  2  -  ?00°C,  <j  =  36  kg/ba2;  3  -  800°C,  <r»  20 

kg/ma2;  b  -  350°C,  cr  =  15  kg/m2 

Ordinate:  Tine  until  destruction,  in  hours 
Abscissa:  Temperature,  °C 

AH07  21^37  has  the  follovlng  characteristic  peculiarity:  if  the 
alloy  aged  at  a  temperature  to  JOO°C  is  heated  to  a  higher  temperature  (800 
or  900°C),  it  loses  a  considerable  amount  of  tine  strength.  Uauever  by  sub¬ 
sequent  heating  to  a  temperature  of  700°C  its  nechanical  properties  are 
practically  restored  in  full,  that  is  a  return  of  properties  takes  piece. 

She  properties  of  alloy  SX^37A  are  given  in  fig.  lWf.  These  properties 
are  somewhat  higher  than  those  of  alloy  21^37. 

Testing  of  alloy  Eft37A  for  creep  has  shown  that  the  residual  de¬ 
formation  after  100  hours  at  a  temperature  of  700°C  «v?  »  stress  (cr  strain) 
of  30  kg  to  m2  fluctuates  vithin  the  limits  of  O.063  to  0.211^  in.  dependence 
sroon  the  hardness  of  the  smeltings  (or  smelting  batches). 


Alloy  ii^37A  has  higher 


and  core  constant  characteristics  of 


fatigue 


resistance  ilian  alloy  Zlk'tf. 


Almost  in  all  cases  the  fatigue  Unit  of  alloy 


zihyjk  exceeds  35  kg  to 


2 

m  . 


Ihe  properties  of  the  nost  videly  used  alloy  214373  (vith  a 


addition  of  boron)  are  given  in  fig.  l4p  to  149. 


?ig,  144.  Changes  in  the  mechanical 
properties  of  alloy  2X437A  vith 
increases  in  temperatures  of  short- 
tine  tests  for  elongation 

Ordinate:  in  kg /bn2,  lints  of 

Abscissa;  Temperatures,  °c 


Fig.  l4p.  Mechanical  properties  of  alloy 
214373  at  high  temperatures,  a  100  ana 
a  10C0  -  tensile  strength  for  100  ana 
1000  hours. 

Ordinate;  Limit,  in  kg/cn2 
Abscissa:  Temperature ,  °C 


Ab  investigations  07  If.  I.  3ulygin,  2.  ?.  Trusova  and  P.  M.  Sileversto 
have  shorn,  that  the  addition  to  alloys  of  type  21437  of  small  quantities 
of  boron  lead  to  great  strengthening  of  grain  Units.  The  transition  from 
trans crystalline  to  intercrystalline  breaks  comes,  vhen  the  test  is  of 
long  duration,  in  alloy  21437  at  4>0°c  and  in  alloy  214373  approximately  at 

ff\C\  r  Tn  /*a»>A  M  mUmhA  Xi._.  x  . 

. . . . .  ~  Strain,  *cnftse  teiroerature  Units  of 

transition  from  destruction  across  the  grains  to  destruction  along  the  edges 
of  grains  amount  for  alloys  21437  and  214373  correspondingly  to  —  700  and 
■^850  C.  Hence  ccoes  the  greater  heat-endurance  of  alloy  EI437B  (fig.  150). 


Fig.  146.  Tensile  strength  of  alloy  21^373 

Ordinate:  limit  of  strength,  in  kg/m2 
Abscissa:  hours 

It  must  bs  noteu  that  alloys  of  type  Zlhsf,  like  all  other  austenitic 
alloys,  are  ko  a  great  extent  susceptible  to  hammer  hardening,  «rn  can  harden 
to  a  considerable  degree  even  in  mechanical  processing  on  machines  (surface 


impact  hardening). 


Fig-  1.1*7=  Creep  curves  or  alloy 

FIRSTS  at  test  temperature  of 

o50°C.  1  -  a  =  50  kg/tri2; 

-  2  -  »  47  kg/m2;  3  -  <J  -  ^5 

2  o 

kg/na  ;  1*  -  <r  a  40  kg/ma 

5  -  era  30  kg/m2 

Ordinate:  Unitor  i, 
in  £ 

Abscissa:  blurs 


Fig.  Ih8.  Creep  curves  of  alloy  214373 
at  tost  temperature  of  7 00°C 

O  O 

1  -  <T  =  42  kg^a  ;  2  -  a*  40  kg/m 
3  -  o  a  35  kg/m  .  4  -  o  •  30  kg/m 
5  -  o  =  25  kg/m2. 

Ordinate:  licit  or  i  ,  in  ^ 
Abscissa:  hours 


Because  surface  Inpact  hardening  increases  the  diffusional  nobilily 
of  atoms  and  also,  probably,  contributes  to  the  fonaation  an  the  surface  of 
micro- cracks,  the  conditions  of  nechanical  processing  must  be  so  adjusted  as 
to  reduce  to  the  alniaun.  the  surface  cold  hardening  of  vanes  made  of  alloys 
ox*  type  Sl437  vhile  they  are  being  made  on  machines. 

Alloy  2Iol7  has  the  following  composition:  O.Boi  C.  Cr.  5.0/.  Fo, 

2$  Ti,  2^  Al,  3^  Mo,  7£  W,  0.(vv»i  H,  3-  7.  She  highest  level  of  heat-endurance 


of  alloy  SI0I7  is  attained  as  a  result  of  the  following  thermal  treatment; 


Fig.  1^9.  Creep  curves  of  alloy 
Sltj7B  at  tost  temperature  pf  800°C 
1  -  cr  =,  2)  Jcg/ta2;  2  -  <i  a  18 
kg /mm2 j  3  -  0  "  15  kg/m2 

Ordinate:  2  $ 

Abscissa:  hours 


Fig.  150.  Tensile  strength  of  alloys 
31^37  (1)  and  Fllr37B  (2) 

Crdinate:  licit  of  strength,  in  kg/rm: 
Abscissa:  hours 


first  tempering  -  heating  to  1200°C  (during  2  hours),  cooling  in  eir;  second 
tempering  -  heating  to  1050°C  during  k  hours,  cooling  in  air;  aging  at  800°C 
during  16  hours,  cooling  in  air. 

An  investigation  of  the  influence  of  temperatures  upon  the  properties 
of  alloy  5l6l7  made  it  possible  to  establish  that  the  dissolution  of  excessive 
phases  begins  at  temperatures  above  1000 °C.  The  influence  of  t>_,  conditions  of 
thermal  treatment  unon  tensile  strength  ic  cnnT^ctericed  by  the  diagram  on 


figure  lpl. 


Fig.  151.  The  influence  of  thermal  treatment  upon  -the  tensile  strength 
of  alloy  2Iol7.  Thermal  treatment:  (fron  left  to  right)  a)  -  tempering 
at  fron  1200°C  during  2  Lours,  cooling  in  air;  h)  -  tempering  at  from 
1200°C  during  2  hours,  cooling  in  air,  aging  at  S00°C  during  15  hours; 
c)  -  first  tempering  at  froa  1200°C  during  2  hours,  cooling  in  air,  second 
tempering  at  1050°C  during  k  hours,  cooling  in  air;  a)  -  first  teeperlng 
at  fron  1200°C  Erring  2  hours,  cooling  in  air,  second  tempering  at  1050°C 
during  4  hours,  cooling  in  air,  aging  at  80O°C  during  16  hours. 

1  -  test  at  700°C,  0  =  t5  kg/m2;  2  -  test  at  0OO°C,  0-25  kg^sa2; 

3  -  test  at  650°C,  o  -  20  kg/n2. 

Ordinate:  Tine,  in  hours 

Abscissa:  Thermal  treatments  a),  b),  c)  and  d) 

She  properties  of  alloy  21617  at  high  temperatures  are  shewn  in 
fig.  152  to  Ipo. 

Use  alloy  has  soma  susceptibility  to  notching  at  700°C,  visile  at 
800°C  and  above  the  susceptibility  to  notching  is  absent  (table  ^5) . 

3js  fatigue  limit  of  alloy  Sl6l7  is  found  by  bending  on  the  basis 
of  10.10°  cycles  on  smooth  and  on  notched  samples  end  amounts  to: 


a)  for  smooth  scales  at  7^0  C  to  31  -  tC  kc/ 


A-.* 


cOO°C  to 


>s/=2. 


7 

0)  for  notched  samples  at  'J00°C  to  28  -  31  ~"/=^ >  a*  800°C  to 


30  kg/ 


Fig.  152.  ifechanicai  properties  of  alloy  31617  at  high  temperatures 
(illegible) 


2 

Ordinate:  limit,  in  kg^n 
Abscissa:  Temperatures,  °C 


Fig.  153.  Tensile  strength  of  alloy  3l6l7 


Ordinate:  limit  of  strength,  in  kg/tnf 


Abscissa:  hours 


Fig.  15^.  Creep  curves  of  al  2  o y  SI  cl  7  at  a  test  temperature  of  70Q°£ 

1  -  C=hQ  Wn=2;  2  -  <7  =«  35  kg,^2;  3  -  «  -  30  kg/sa2 

Ordinate:  5  ji 
Abscissa:  botrs 


Fig.  155-  Creep  curves  of  alloy  SIol?  at  test  temperature  of  800°C 
1  -  «r  ■  23  kg^ns  ;  2  -  7  »  10  kg^*22 ;  3  -  <7  =»  15  kg/rr2. 

Ordinate:  5  ^ 

Abscissa:  hours 

lbs  alloy  is  highly  resistant  to  corrosion  by  cases. 

When  samples  ere  kept  for  a  long  tise  in  air  at  SC-0°C  the  increas 
in  veight  amounts  to  0.08>  g/n2/faour,  and  at  1000°C  to  O.pS  g/n2/hour. 
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FiC-  1>6.  Creep  curves  cf  alloy  Fig.  157.  Tensile  strength  of  alloy  BI593 

SI0I7  at  test  temperature  of  3p0OC 

1  -  <7  =  13  ig/in2.  2  -  £7  =■  17  kr/bi2;  OrfiD»tes  Halt  of  strength,  in  kg/® 


3  -  »  it  kg/rm? ;  t  -  (•  =  II  kg/nt2. 


Abscissa:  hours 


«  * 


Grdinate:  i  $ 


Abscissa:  hours 


Table  t?.  Sensitiveness  to  notcidrg  {or  cutting}  or  alloy  Elfil7 


1)  Type  of  sample:  (a)  Snoott;  (b)  Botched;  (c)  Saooth;  (d)  Botched; 
(e)  Smooth;  (?)  Botched  {or  vith  a  cut) 


2)  Sesnlts  of  tests  for  tensile  strength:  (a)  Test  temperature,  in  cC; 

O 

(b)  c  in  kgyfen  ;  (c)  Resistance  of  different  srelticg  batches  in 

hours  (until  destruction) 
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Alloy  1I5?Q  has  the  composition  of  O.OojS  C,  l?o  Cr,  <:  5.0£  re,  2.5^ 


21,  l-5v  Ai,  6-j  y ,  3'J  Mo,  0.003^S  3.  2he  alloy  has  found  a  limited  use  for 


iking  working  vanes  of  gas  turbines.  At  common  room  temperatures  alloy 


•=>093  is  close  to  alloy  ZIolY,  cut  it  has  somewhat  greater  plasticity.  At 


temperatures  of  from  75 0  to  800cC  alloy  31593  has,  besides  high  heat-endurance. 


also  sufficiently  high  plasticity  end  is  recommended  for  -working  -within  the 


range  of  these  terms  matures.  At  temperatures  of  S50  to  900°C  this  alloy  is 


saaevhnt  inferior  to  alloy  2X617  in  tensile  strength  and  resistance  to  creep. 


2m  cur  res  of  tensile  strength  of  alloy  EZ59S  ere  presented  la  figure  157. 


Fig.  153.  Mechanical  properties  of  alloy  31826  at  high  tempera-cures 
(short-tine  tests  for  stretching) 


Markings  at  curves  (from  top):  1)  tine  Unit,  2)  “E”  dynsaic 


3)  ”3”  static 


I 


Alloy  1182c  (SI317  A3)  The  changes  in  the  mechanical  properties  of 
alloy  2IC25  at  increased  test  temperatures  are  shown  in  fig.  158,  and  the 
tensile  strength  of  the  alloy  at  700,  300  ana  900° C  is  shown  in  fig.  159. 

The  curves  of  creep  and  endurance  are  given  in  fig.  160  and  161. 

Tros  the  comparison  of  all  these  data  it  follows  that  alloy  21826  has 
very  high  htat- enduring  properties  within  a  wide  range  of  temosrature*. 

Alloy  21826  is  harder  to  deform  in  a  hot  stats  than  alloys  11617  and 
*'  214372,  hut  its  deformation  ia  quite  possible,  if  the  number  of  intermediate 
stamping  diaa  and  the  number  of  heatihgs  be  increased. 

Alloy  TZhl?  has  tha  coanosition  of  15*  Cr,  lOjt  1,  1*  T,  It  Fb,  3*  A1 
and  0.003*  2.  At  600°C  arid  0  *  30  ig/nr?  .  Its  tensile  strength  is  of  the 
order  of  SO  to  160  hours.  Then  the  content  of  aluminum  was  increased  (to  4*) 
it  was  difficult  to  defora  the  alloy,  but  in  cast  fora  at  S50°C  and  <5-15 
Kgfrs?  it  had  a  durability  of  over  100  hours.  It  ia  a  characteristic  peculiarity 
of  the  slloy,  that  both  in  the  cast  and  in  the  deformed  state  it  has,  besides 
.  high  heat- endurance,  also  a  high  plasticity  within  a  wide  range  of  temperatures. 

Si®  limits  of  tensile  strength  of  heat— enduring  steels  and  alloys  used 

*  -»  A  --SS  —  - -  « —  —  — .  —  - e-  — A  s  —  +■*  -  a  i-es 

a*«  a  -isssey  »*•  ya  vavuwO*  au  sa^s  a  VOS 
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Jig.  159.  Tea  tile  strength  of  alloy  21825  at  700  -  900°C 


Ordinate:  linit  of  strength,  in  k Abscissa:  hours. 


Jig.  160.  Creep  carres  of  alloy  II 826  at  tset  ierpemtures  a)  800°C; 


b)  9CO°C 


Ordinate:  &  £ 


Abscissal  hours 


Jig.  161.  She  recalls  of  testing  saooth  sarnies  of  steel  IJS25.  (  f }  saoe.th 
ssscples,  (H)  .  notched  sarnies 


Ordinate]  illegible 


Abscissa:  Sanb^r  of  cycles  until  destruction 
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Pig.  162*  Tosils  strength  of  son*  "braid a  of  heet—resisting  steels  aid  alloys 


used  in  domestic  i ecu* try  for  a  duration  of  100  hours 


Ordinate:  ICO  hour  limit,  in  <gj Abscissa:  Temperature,  °C 


At  currer  (from  top-right  to  tot  too-left) :  l)  IIQ7AB  (11826), 


2)  21437 B,  II a",  3)  H6S5,  U437B,  4)  11481,  11437.  11288, 


5}  31388.  E337,  £)  21415 


XUCTS  0?  TS I  BASIS  0?  COSiST 


Dcf orsahl e  alloy*. 


lay  2ef  rectal  loy  70  contain*:  0.01>  C,  21jb  Hi,  20£  Cr,  30i  Co,  14>  r». 


iin,  4^  5,  2je  £n,  0t3jt  Si.  7h*  there*!  treatment  of  the  alloy  consist* 


tendering  at  froo  12S03C  (during  4  hours),  cooling  in  oil  aid  aging  at  815° C 


curing  24  hours.  Ths  final  hardness  Hs  «  2S3  -  352.  The  results  of  testing 


Eef racial loy  70  for  tensile  strength  end  erse?  after  thermal  treatment  are 


presented  in  fig.  152. 
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Tig.  163*  The  limits  of  strength  and  creep  of  alley  2sfractall07  70 
1  -  strength  for  100  hours;  2  —  strength  for  1000  hours;  3  —  Halt  of  creep 
with  a  deformation  speed  of  1$  for  100  hours;  4  —  limit  of  creep  with  a 
defornation  speed  of  0  for  1000  hours. 

Ordinate;  Limit  of  strength,  in  fcg/cs?  Abscissa*  Jeep# nature,  °c 

Alloy  5-816  contains  0.0  C.  20 i  Si,  10  Cr,  40  Co,  0  Je,  0  Ho, 

0  W,  0  Hb  (or  Sb  1-0  Kn.  0.6*  Si.  The  theraal  treatment  of  the  all' 

consists  of  tempering  at  from  1200° C  to  1250°C  during  one  hour,  cooling  in  water, 
aging  at  76C°C  during  16  hours.  Hardness  after  thermal  treatment  it  Eg  -  248  -  331 

The  results  of  tests  for  tensile  strength  and  creep  are  given  in  fig.  1S4. 

Tor  alloy  5-815  (liie  for  cany  other  beat-enduring  alloys)  a  great  sus¬ 
ceptibility  of  heat-enduring  properties  to  tbs  conditions  of  tbjrnsl  treatment, 
and  especially  to  tempering  temperature,  was  established.  So,  the  limit  of 
creep  of  alloy  5-816  increaees  with  an  increase  of  tempering  temperature  from 


1150  to  1250° C. 


Alloy  Belness- alley  25  contains  up  to  C.lojS  G,  9  to  ll£  Bi,  19  to  21=J 
Cr,  up  to  2^  re,  14  to  l&p  T,,  1  to  2^  I'n,  l.Ope  Si,  the  remainder  being  cobalt. 
Ihe  alloy  yields  to  deformation  sitb  great  difficulty  at  tecperatures  of  iha 
order  of  1200°C.  After  forging,  it  must  be  subjected  sithout  fail  to  annealing 
at  1050  to  1100°C  in  order  to  remove  inner  stresses.  Ihe  thermal  treatment  con- 
eists  of  annealing,  usually  at  1230°C,  more  seldom  at  800  to  900PC.  Ihe  results 
of  tests  for  cre^  of  Hsinese-alloy  25  are  given  in  table  60. 


Big.  164.  Limit e  of  strength  and  creep  of  alloy  S-816. 
a)  tensile  strength,  b)  limit  of  cre«p 


Ordinate:  limits  of  strength,  of  creep,  in  Tcgjm^ 


Tltalllur:  or  SS  -21  has  many  codification*  of  chemical  composition. 


Therefore  below  are  giTen  the  limiting  values  of  the  content  of  elements; 

0.2  to  0.35^  C,  1.5  to  3.5*  Si.  25  to  30*  Cr,  rip  to  2%  7e,4.5  to  6.5jf  So. 
(illegible)  .3^  iin,  C.  6?  Si,  the  remainder  being,  cobalt.  Sost  often  the 
thermal  treatment  of  Tit allium  con*i*ts  of  aging  of  c&etings  at  ?3Q  to  876^0 
during  50  hour*  for  a  hardness  «  65  £  70.  More  seldom  annealing  it  done 
at  1150  to  1230° C.  The  respite  of  testa  for  short-tioe  tensile  strength,  creep 
and  durable  strength  are  given  in  tables  51  and  52. 

Table  50.  Characteristics  of  creep  of  alloy  EJL-25 

1)  Teat  temperature,  in  cC;  2)  teats  for  creep;  3)  stress  (or  strain) 
in  kg/ act?;  4)  Speed  of  creep  in  £  for  1000  hours,  with  a  duration 


Tabic  51.  Uecbenical  properties  of  alloy  HS-21  (Vitalliua)  at  heightened 

temperatures 

I)  Snort-tine  tests  for  extension:  2)  Test  temperature,  in  °C; 

3)  Treatment  condition:  (a)  Caet,  (b)  Aged  at  735°C  during  SO  hour*, 

(c)  Same  4}  Limit  of  strength,  in  kg/oa2 

5)  limit  of  creep,  in  kg/ cm2  6)  Licit  of  proportionality,  in  kg/na3 

7)  Selative  elongation,  in  f  8)  Tests  for  tensile  strength 

9)  Test  temperature,  in  <>C  10)  Treatment  condition:  {*)  east; 

(b)  aging  at  81 5° 0  during  §0  hours;  (c)  Mae. 

II)  Unit  of  elongation  strength  kg/in2  duration  of  test  1  hour 


'able  52.  Creep  characteristics  of  alloy  3S-21  (Titalliura)  at  heightened 

tasoeraturee 


1)  lest  temperature,  in  <>0  2)  TMat<soat  condition;  (a)  cast;  (h)  aged 

(c)  aged  at  815°C  during  50  hour*; 

(d)  aged  at  37f-<>C  during  50  hour*:  («)  earn*. 

2)  Stre**  (or  *train),  in  kg/cr£  4)  initial  deformation,  in  * 

5)  Eats  of  creep  in  4  for  1000  hour*,  in  test  duration  of  noux*? 

6)  General  deformation,  in  *,  for  th*  period  in  hours; 


Alloy  61  or  HS-33:  0.35  to  0.5*  C,  up  to  1.5*  Si,  23  to  29*  Cr,  up  to 

?•»  4  to  7>  J,  0.3*  to,  0.6*  Si,  the  remainder  h*ing  cohalt.  Thermal  treat* 
meat:  aging  of  castings  at  730  to  8?0°C  during  50  hours  for  obtaining  a  baiA- 
ncee  *  65  ~  70.  toxi nun  hardnees  HB  *  32  7  42  i*  chtained  as  result  of 
aging  at  800cC  during  25  hears.  Annealing  ia  dene  at  1150  to  1230° C.  Tbs 
mechanical  properties  of  alloy  HS-23  at  high  temperatures,  obtained  in  consequence 
of  short-time  and  long  tests  for  tensile  strength,  are  given  in  tables  53  *35  54, 
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Tables  53*  Mechanical  properties  of  alloy  KS-23  (So.  61)  at  heightened  temperatures 
1)  Short-tins  tests  for  extension  (ductility)  2)  Test  temperature,  in  °C 

3)  Treatment  condition:  (a)  cast,  (b)  aged  at  ?35°C  during  50  hours,  (c)  earns 

4)  limit  of  strength,  in  kg/cc2  5)  yield  point,  in  k g/m£ 

6)  limit  of  proportionality,  ink^no2 

7)  Hongatlon  (or  stretching),  in 


(l)  Continuation  of  table  53 
3}  Test  temperature,  oc 


2)  Tests  for  tensile  strength 
4)  ?rac«sslng  condition:  (a)  csst. 


(b)  aced  at  315° C  daring  50  hears.  (c)  aged  at  B70°C  during  50  hours, 
(a)  ansa.  5)  Lindt  of  tensile  strength  in  kg jv?  for  a  test  period 


in  hours. 


Table  54.  Creep  characteristics  of  alloy  ES-23  (£o.  51) 


Test  temperature,  in  °C  2)  treatment  condition:  (a)  aging  at  ?S5°C 

for  50  hoar*,  (b)  ease, 

(c)  aging  at  815°C  during  SO  hour*, 

(d)  aging  at  8?0°C  during  50  hour*  (*)  atat 

3)  Stress,  m  4)  Initial  deformation,  in  $ 

5)  Speed  of  creep  in  $  for  1000  hour*,  *ith  a  duration  of  test  in  hour* 

6)  General  deformation  in  $,  for  a  time  in  hours. 


Alloy  6059  or  HS-27  contain**  0.35  to  0.5$  C,  30  to  38$  Ei,  23  to  2S$  Cr, 
30  to  32$  Co,  tip  to  2$  ?e,  5  to  7$  lio,  0.5$  Ea,  0.4$  Si.  Thermal  treat  sent* 
aging  at  730  to  815°C  during  24  hours.  E&rdnes*  Hj^  3  60  -  67.  Uexisos  hardness 
H-  «  26.5  i  30.5  is  obtained  after  aging  at  800° C  during  5  hours.  Annealing  is 
done  at  1150  to  1230^0.  The  result*  of  test*  for  short-tis*  elongation,  tensile 
strength,  and  creep  are  given  in  table*  55  and  56. 

Alloy  422-13  or  SS-30  contains:  C.35  to  0.5$  C.  13  to  17$  Si,  23  to  25$ 
Cr,  30  to  32$  Co,  up  to  2$  7e,  5  to  7$  i&,  0.5$  lin,  0.4$  Si,  the  remainder  being 


cobalt.  Thermal  treatment:  aging  at  815  to  S33°0  during  50  hoar*.  fee  bardcesB 
obtained  it  S3,  “  65  72.  karicuc  hardness  £35  •  27  ~  36:5  ie  obtained  titir 
aging  at  QOO°0  during  5  hours.  Annealing  of  tha  alloy  it  done  at  1150  to  12-30°C. 
Data  concerning  te«ts  for  shlrt-tla*  elongation,  tecxlls  strength,  end  c ra*p 
ars  given  in  tablet  57  and  58. 

Alloy  X  -40  or  E5-51  contains*  0,45  to  O.of  C,  9  to  IZf  Hi,  23  %~i  25?  Cr, 
up  to  2 $  I#,  £  to  9f  T,  C*6£  kn,  0.7^  Si,  the  reasinder  being  cobalt.  Thermal 
treatment:  aging  at  815  to  S30°C  during  50  hour*.  Harasses  *  64  ^  70. 
Kaadmas  herdnas*  »2S»  41  it  obtained  after  aging  at  800^0  during  25  hours. 
Annealing  ie  der*  at  1150  ta  1230®C.  Tita  concerning  mechanical  properties  at 
heigtiened  tesperatvxes  are  meow  is  table*  32  and  C3. 

X  comparison  of  heat- resistant  properties  of  tone  cobalt  cad  n'ckel 
alloy*  aey  be  aaae  by  reviewing  the  graph*  in  fig.  165  to  16?. 

ALLOTS  £1SS>  OH  C3iOKX 

Alloys  based  on  chrome,  particularly  those  pertaining  to  the  Jystex 
chrosA-aolybdenuo.iron,  have  very  high  heat-endurance  and  ta*t-r*«-  «tcnre. 

Hoeercr  the  high  briitlin^i,  of  f-.roas  sad  of  alloys  oa  its  bases, 
poaeibl-  in  consequence  of  the  presence  or  oxygen  and  nitrogen,  sharply  licit* 
the  use  of  *hees  materials  fer  parts  gas  tuyhiaes,  reactive  meters  and  rockets. 
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Table  55-  Mechanical  properties  of  alloy  KB-17  (50.  5059 j  at  heightened 

1}  Short  tine  tests  for  extension  {ductility} 

2)  Test  temperature,  in  °C 

3)  Treatment  condition:  (a)  case,  (b)  aged  at  735°C  during  50  hours, 

(c)  saao,  (d)  aged  at  $25°0  during  50  hours, 
(e)  sane. 

M  Limit  or  strength,  in  kg /cm2 

5)  Yield  point,  in  kg/m2 

6}  Limic  of  proportionality,  in  kg/rss^ 

7)  Belative  elongation  in  d 

8)  Test  for  tensile-  strength 

9)  Test  termersture,  in  °C 

10}  Treatment  condition:  (a)  case,  (b)  eged  ufc  8l5°C  during  50  hours, 

(c)  saae,  (d)  cast 

11}  I-isit  of  tensile  strength,  in  kg/ae?  for  a  test  period  of  hours 
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Table  >5.  Creep  c.aracteristics  of  alloy  ua-27  "lio.  6059) 

1)  Test  temperature,  °C 

2)  Treatment  condition:  (a)  aging  at  735°C  during  50  hours, 

(~j  sans,  (c)  aging  at  *3l5^C  during  50  hours,  (d)  sar». 

3)  stress  (or  strain),  in  hg/sa" 
b)  initial  deformation,  in  > 

5)  Speed  of  creep  in  £  for  1000  hours,  in  a  test  period  of  hours 
5)  General  deformation  in  £  for  a  tine  in  hours 


Tn  consequence  of  a  heightened  content  of  admixtures,  chraae  obtained 
by  de-oxidation  iron  chrcoe  oxide  (for  instance  by  the  alunotheraic  netted) 


cannot  be  considered  as  usable  for  tbs  production  cf  heat-enduring  alloys. 


Other  methods  of  obtaining  chrcoe  are  used,  in  which  the  contamination  by 


cases  is  decreased. 


V>«-a-VK» 


calcium  in  a  massive  iron  crucible  at  9C0WC.  The  reduced  mass,  obtained  in 


conseouence  of  the  reaction,  is  tdaen  out  fr; 


crucible  arc  I-  treated 


vith  acids  to  remove  calcium  oxide.  The  chrome  povder  that  is  being  formed 


contains  a  scnsrvhat  lowered  quantity  of  oxygen. 
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T*-ble  57.  Mechanics!  properties  of  alio,  ES-30  (lio.  t 22-19)  at  heigatened 

ierperacures 

1}  Short  tire  tests  for  extension 
2)  lest  terparature ,  °C 

3}  Treatrent  condition:  (a)  cast,  (b)  eging  at  735°C  during  50  hours, 

(c)  sere,  {d}  aging  at  925°C  during  50  hours 

*0  Unit  of  strength,  in  hg/m^ 

5)  Yield  point,  in  hg/=t2 

6)  Licit  of  proporticnalitv,  in  >^frX 

7}  Bolative  elongation  (or  stretching),  in  ^ 

S)  Easts  for  tensile  strength 
9}  Test  tsnperature,  °C 

10)  Sroatsent  condition:  {a)  aging  at  735°C,  (b)  sane, 

\c)  aging  at  3l5°C  during  50  hours, 

{a)  sane,  (e)  cast 

11)  Unit  of  tensile  strength,  in  kg^ac",  in  a  test  period  or  hours 
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Table  53.  Creep  characteristics  o'  e_loy  HS-3C  (t2h-19) 

1)  Test  temperature,  °C 

2)  Treatment  condition:  (e)  cost.  (o)  aging  at  T35°C  during  50  hours, 

(c)  cast,  (a)  aging  at  735°C  during  50  hours, 
(e)  aging  at  6l5°C  during  53  hours,  (f)  same, 
(g)  aging  at  670°C  during  50  hours,  (h)  seme 

3)  strain  {or  stress),  in  hg/rn" 
t)  initial  deformation,  in  $ 

5)  Speed  of  creep  in  £  for  1000  hours,  for  the  tine  in  hours 

6)  General  deformation,  in  dp  for  the  tine  in  hours. 


2.  The  de-oxidation  (cr  reduction)  of  chrome  chloride,  especially 


purified  of  oxygen,  vita  metallic  mgnasiun  vithin  an  atmosphere  of  helium. 


7-products  formed  during  this  reaction  ere  suhxinated  in  a  high  racuun. 


3.  Volatilization  of  a  specially  purified  iodide  of  chrcne  in  glass 


fan 


h.  The  purification  in  hydrogen  of  a  prr.-dar  of  electrolytic  chrone 


obtained  fren  electrolysis  of  an  aqueous  solution  containing  250  to  333  g/d 
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Table  59.  Mechanical  properties  of  alloy  5S-31  (x-hO)  at  heightened 


tenser  afar  es 


1)  Short-tire  tests  for  extension 

2)  Test  ienperaiure,  °C 

3)  Trenment  conditicn:  (a)  cast,  (b)  aging  at  ?35°C  daring  50  hours, 

(c)  sene 

*0  Lirit  of  strength,  in  kg/m2 
5)  Yield  point,  in  kg/m2 

o 

6}  Lint  of  proportionality,  in  kg/m 
7}  Belative  elongation,  in  £ 

8)  Tests  for  tensile  strength 

9)  Test  terperature,  °C 

10)  Treatment  condition:  {a}  cast,  (b)  aging  at  735°C  during  50  hours, 

{c)  sging  at  8l5°C  during  50  hours, 

(a)  aging  at  Sl5°C  during  50  hours,  (e)  cast 

A 

11)  lindt  of  tensile  strength,  in  kg/oa  in  a  test  duration  of  hours. 
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'Table  oOe  Creep  characteristics  of  alloy  Ec-31  (a-40) 

1}  Tost  temperature,  °C 

2}  Treatment  condition:  (a)  cast,  (b)  aging  at  3l5°C  during  50  boors, 

(c)  sane,  (a)  aging  at  8T0°C  during  5°  houre 

2 

3)  Sixain  {or  stress),  in  xg/m 
b)  initial  defamation,  in  £ 

5)  Speed  Gf  creep,  in  p  for  K>CO  hours,  for  the  tine  period  of  hours 

6)  General  def  carnation,  in  7®  for  the  ti^  in  hours. 


of  cirrcae  oxide  and  2.5  to  h.O  g  of  sulphate  at  a  temperature  of  35  ic  o5°C 

O 

and  a  currant  of  1.19  a/cn  . 

The  three  latter  retools  rvvre  it  possible  to  obtain  chrooe  cf  such 
high  purity  that  in  a  -rubber  of  cases  it  bee  cites  d&fcraable. 

For  the  saeltisg  of  chrome  alloys  in  an  inert  etas  sphere  (best  of  all 
m  bsliun)  an  arc  furnace  is  used,  rue  electrode  usees,  is  of  tungsten  covered 
vita  chorion.  It  is  fastened  to  a  vater-cooled  elec  trifled  holder.  The 
crucible  of  ths  furnace  is  made  of  pure  copper. 
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Fig.  165.  Units  of  strength  Tor  a  period  of  100  hours  tar  scae  heat- 
resistant  alleys  of  nickel  and  cobalt 

1  -  Ihconel  X;  2  -  Befractalloy  26;  3  -  A  (or  BA)  -  £5,  ^  -  EB*31; 

5  -  14-252;  5  -  £3-21 

A 

Ordinate:  Unit  at  strength,  in  kg/ns 
Abscissa:  Temperature,  °C 


Pig.  166.  Lints  of  strength  for  a  duration  at  1009  boars  fcr  sone  heat- 
resistant  alloys  of  cobalt  and  nickel 
1  -  — — rr~ J-  2  *  -•»— * ~  —  36;  3  -  21-25*  -  -  ^3*31 

5  -  *-252;  5  -  3-21 


Ordinate:  Unit  at  strength 


Abscissa:  Tmeparat ora,  C 
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Jig.  167,  Cra,*?  lirrtt  causing  2a  olongatic'a  of  1$  for  10,000  hours 
(O.OOOl^  per  hour)  f«r  s»2  cobalt  and  nickel  alleys 

1  -  Inconel  Z,  2  -  Eefractally  26,  3  -  ."5.-25,  4  -  BE-31, 

5  -  2S-?I 

Ordinate:  crxsp  Unit,  la  kg/:* 

Abnoirsa:  °C 


Shore  axe  snsounceaea.ta  of  -the  practical  use  of  allovs  containing 


Cr,  Zpjs  Jfc  ssii  151  Fe.  With  a  stress  of  12-5  kg  tc  xa?  arc  e  ta^eratere 


; * 


cf  W  v  ti*3f  u<tli  tie  dss tr-zeti  czz  of*  sn  alloy  of  cu^osl  lioa 


;  »  i 


nentieped  exceeds  lfOO  boars.  At  500  0  and  a  stress  (or  strain)  of  20  kg 


to  sn  this  tine  ressures  sereiAl  assirods  of  hours.  At  such  high  terrer&tnre 


Hoys  mTestigotju.  'xivc  liaiUrd  plasticity;  the  elongation  end  narrowing 


of  cross-s&ctios  after  rupture  anoaot  to  5*  each.  3to  opMssa  (or  best) 


oqaoin&tloa  of  strength  and  plasticity  is  obtained  when  the  alloy  contains 
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<  0.0%  C,  <  0.2%  oi  and  traces  of  0o  and  N9.  As  tests  chaw,  a  decrease 
of  grain  sice  contributes  to  an.  increase  of  tensile  strength  and  plasticity. 

A  careful  preparation  of  penples  and,  nosh  inportant,  the  alloy’s 
purification  of  sdnixtures  has  a  very  great  significance.  If  sarnies  of 
allots  containing  “?0K  Or,  2,%  Mo  ani  1%  ?e  ;ce  prepared,  with  all  precautions 
they  have  a.  100  hour  lisnt  of  tensile  surety th  at  10CC-°C  and  a  stress  (or 
strain)  of  15.4  kg  to  tsl  ,  Sons  physdco-SBCbanical  properties  of  an  alloy 
containing  6%  Cr,  2%  and  1%  ?e  a-  a  given  "below. 

■Hr.  nardness  in  a  cast  stats  is  »  If 93;  ai  600° C  *  439;  at 
700°C  Fd  *  396;  at  &;c°c  a  296;  ftc  930°C  *  274.  The  density  ie  7, 

6?  g  to  czi2-  The  jaodrjlrjc  o*  unreal  r-ioliienuy  ?  c.6.10^  kg/sz2.  The  average 
coefficient  of  Usrsic  expansion  is: 

-.ithin  the  range  of  ?4  -  X5C°C  ...  C.4l.l0”^  m/m  degrees 
24  -  43o>C  ...  7.49.10"^  vn/rc.  degrees 
24  -  Sl5CC  ...  K. 66.10“^  sn/si  degrees 

The  results  of  tests  of  a  nmfcor  of  chraaft  alloys  for  creep  under 
conditiccis  of  depressing  stresses  are  presented  in  figures  168  anc  169. 

In  analyzing  "the  results  of  these  teats.  It  sect  be  eaidtted  test 
chrtDe  alloys,  which  have  certainly  a  high  potential  of  usability  os  a 


-  ■  -waste ass  saw  %3ig>£a 
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jig.  168.  Creep  of  Ease  chrose  alloys  under  coEpressing  stress  of 

3  kg/m2  at  SO0°c 

1-10?  Je.  10  T&;  2  -  10?  ft,  5?  T&;  3  -  10?  ft,  15?  ft; 

4  -  20?  ft,  15?  ft;  5  -  10?  ft,  28?  5a. 

Abscissa:  hours 


•?>] 


jig  169.  Creep  of  sore  chrcro  alloys  order  coapransiug  stress  of  8  kg/arf 

1  -  10?  ?e7  10?  W,  1C?  Ta:  2  -  10?  ?e,  10?  V-  5?  3a;  3  ~  10?  Pa,  15?  Mo; 

1.  -nd  ?«  ~.ni  Xtr*.  =i  .  Tfvi  3».  si  V.  Si  V. 


Abscissa:  boors 


..£•  ■  --  ;*  _  •••  .  •■:.’• 
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highly  heat-enduring  material,  require  exceptional  care  in  carrying  out  the 
technological  operations  of  smelting  and  further  processing,  evidently,  a 
change  in  the  composition  of  these  alloys,  the  addition  to  their  composition, 
besides  molybdenum  and  iron,  also  of  a  number  of  other  elements  is  completely 
rational.  It  ray  be  considered,  that  such  a  complex  alloying  vili  lead  not 
only  to  an  increase  of  heat- enduring  properties  of  the  cbrcne  alloys,  hut  also 
to  a  decrease  of  their  brittleness. 

ALLOTS  ON  T3E  BASIS  0?  THAKIDK 

m  recent  tines  tbs  volume  of  works  concerning  the  use  of  titanium 
p-nfl  its  alloys  aaa  considerably  increased.  In  a  number  of  cases  the  utilization 
of  these  alloys  is  c antemplnied  also  for  vork  at  heightened  temperatures. 

Che  basic  advantage  of  titaniun  alloys  is  their  snail  specific  weight, 
which  determines  lever  specific  stress  during  the  action  of  centrifugal  forces, 
but  corresponds  to  working  conditions,  for  instance,  of  aajy  parts  of  gas 
turbines  (discs  enc  vanes). 

The  results  of  short-tine  tests  of  industrially  pure  titanium  for 
tensile  ftrength  at  rocs  and  hslgLtaxieu  to^orniureb  ore  given  in  table  oi. 

Figures  1?0  and  171  present  curves  obtained  from  tests  of  titaniun 


for  creep-  and  tensile  strength. 


..-1, 
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Table  6l.  Mechanical  properties  of  pure  titanium,  obtained  through  tests 
of  flat  samples  cut  out  from  annealed  sheets 

1)  Test  tamperaturo,  °C  2)  limit  of  strength,  in  kg/m^ 

2 

3)  Held  point,  in  kg/m  U)  Relative  elongation,  in  $ 

5)  Narrowing  of  cross-section,  in  $ 

2*.  .  p 

6}  Ib&ulus  of  nominal  resilience  S  .10  ,  in  kg/m 


Composite  table  62  gives  data  concerning  the  durability  of  alloys 


of  titenium  vith  manganese,  alurimn,  iron,  chrome,  molybdenum  or  tin  vhen 
these  alloys  are  heated.  Figures  172  and  173  shear  the  limits  of  durable 
strength  for  alloys  of  titanium  vith  3$  A1  and  5$  Cr  ( 0.5$  C),  as  veil 
as  of  the  alloy  of  titanium  vith  2.7$  Cr  and  1.3?  Fe  (  0.02$  C,  0.5$  0,,, 

0.04$  IT  ).  Tensile  strength  of  more  complicated  titanium  alloys  is  presented 


in  the  diagram  fig.  17^  and  in  table  63. 
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increaaee  heat-endurance  u,  to  1000-1 100° C-.  However  hcat-endurancf  of  the  steel 


is  comparatively  lov  (fig.  91). 


Pig.  83.  limits  of  tensile  strength 
(1)  acd  of  creep  (2)  in  steel  of 
type  18-3  at  430° C.  Preliminary 
treatmant  of  tnmnlas:  cold  harden¬ 
ing  'ey  rolling  with  a  conaression 
extent  of  40^  at  ?6PC.  Upper  curve 
erase- cut  samples;  lover  curve  - 
longitudinal  samples. 


Pig.  89.  Creep  limit  of  chrome-nickel 
austenitic  ste&e  of  type  20-25  at  lCTs/h 
(1).  of  type  25-2C  (2),  of  17-3?  (3), 
hid  Of  11— oG  (4). 

Ordinate;  limit  of  creep,  in  fc^no2 
Abscissa:  °C 


Ordinate:  limit  of  strength, 
in  fcg/ns? 

Abscissa  (on  too):  Bate  of  creep. 


yp  y«4  uvCT 


(et  bottom):  hours 
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Table  62.  Meehan 


properties  of  some  titanim  alloys  at  heightened 
temperatures 

1}  Composition  of  alloy 
2}  Test  temperature,  °C 

2 

3)  Limit  fo  strength,  in  kg/m 

2 

k)  Yield  point,  in  kg/m 

5)  Relative  elongation,  in  dP 

*  2 

6)  rSoduius  of  normal  resilience,  2  .10  ,  in  kg/m 

7)  Stress  in  kg/m2  causing  a  deformation  of  in  1500  hours 


Fig,  170.  Characteristics  of  creep 
and  strength  of  titanium  at  5&>°C. 
Figures  at  curves  denote  elongation 
(or  stretching)  in  % 

Ordinate:  Illegible 

Abscissa:  hours 

Legend,  (at  top  right)  Curve  of 
strength. 


Fig.  172.  Strength  for  the  duration 
of  1000  hours  of  n  ■M+.aninH  alley 
vith  35»  A1  and  Cr  (up  to  0-5 %  C). 

Ordinate:  licit  of  strength,  in 
-<g/=2 

Abscissa;.  Temperature,  °C 


Fig.  171.  Strength  of  titanium  at  high 
temperatures;  tests  of  flat  samples. 

Ordinate:  %  tins 
Abacisss:  hours 


Fig*  173-  Strength  of  titanium  alloy 
containing  2.1%  Cr,  1-3^  Fe  (uo  io 
0.02%  C,  0-5=t  02  and  0.(A%  J lp) 

Ordinate:  licit  of  strength,  in 
kg/ba2 

Abscissa:  hours 
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Tig.  l?t.  Test  Tor  strength  at 
955° C  of  sens  coupler  ailevs  on 
the  basis  of  titan! an. 

i  _  ~3~‘.  f**  rv  ■J7  p  i««  Q  a  »• 

1  **  >L.v?/o  </* ;  i;  .O  rx*j  u.v/  « , 

specific  ve ir.ht  6.21  sg/cnJ 

2  -  %  Or,  i.0£  Si.  specific 
veight  i.6p  kg/cs^ 

3  -  38.6£  Cr,  l6.t>  Mo,  8.0^  v, 
specific  veight  6.22  kg/cn5 

k  -  tp.O^  Cr,  lo.U£  Mo.  8.6p  », 
specific  veight  6.8l  kg/cn^ 

5  -  3G.-04  cr,  16.8*  to,  8.6£  w, 
specific  veight  6.82  kg/err® 

a)  Illegible 

b)  tine  until  destruction 

Left  ordinate:  bp  -  special  time 
rttgnt  ordinate;  hours 

Abscissa:  serial  racibers  of  alloys  as  considered  above. 

Sable  63.  Properties  of  complexly  alloyed  titanium  alloys  at  heightened 

temperatures 

1)  Content  of  alloying  elements 

2)  Thermal  treatment:  (a)  aging  at  650°C  for  one  hour,  (b)  aging  at  8tp°c 

for  3  hours,  (c)  aging  at  650°C  for  1  hour 

3)  Tensile  strength,  in  kg/ns2  at  temperatures  °C 
i)  Same  for  test  duration  in  hours  » 

'  :  \  '  >•' 

'  «  \ 

'  \  .  .  \  \  \ 

%  \  X  \ 


U\  '  ' 

K>\  ; 

1  i\ 
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:-cly25k:«jm  aid  itt  allots 


Until  recent  tise  molybdenum  v»s  used,  basically,  for  raking  incandescent 


elements  in  special  Volts,  but  advancer  in  the  technology  of  raking  large  parts 


of  molybdenum  by  methods  of  povucr  metallurgy  end  by  smelting  in  arc-vacuum 


furnaces  have  made  it  possible  to  raise  the  question  of  using  molybdenum  as  a 


constructional  material  for  raking  different  stressed  parts  of  machines  and 


3.  Taking  into  account  the  high  temperatures  of  nolybdenun* s  melting 


and  re-crystallization  points,  as  veil  as  its  high  hardness  in  a  hot  state. 


the  use  of  nolybdenun  and  of  alloys  based  on  it,  as  heat-enduring  naterials 


most  be  considered  as  rational.  However,  a  considerable  defect  of  aoljdJdenua 


and  of  its  alloys  is  their  vigorous  oxidation  at  temperatures  above  500  to 


LJ  ' 


700  C.  Thus,  the  basic  problem  determining  the  possibility  of  using  molybdenum 


and  its  alloys  as  a  heat-enduring  material  is  -the  finding  of  methods  for 


protecting  than  reliably  against  oxidation.', 


•  *  |  i 

Taking  into  account  the  ^ov ^resistance  of  molybdenum  and  its  alloys 

\  ' 

Ml' 

to  corrosion  by  gas,  their  mecnsniasl  tests  at  high  temperatures  are  carrie 


high  temperatures  are  carried 


oat  in  special  insinuations,  in  vhich  the  sample  wing  tested  is  m  a  vacuum. 


55re  carrying  out  of  short-time  tests  for  tensile  strength  at.  high 


temperatures  in  a  vacuum  has  already  disclosed  that  both  preliminary  processing 
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a-d  the  method  of  obtaining  molytcenun  end  its  alloys  bear  an  essential 

influence  uzon  the  characterist.es  of  necl-vnical  properties.  Sius,  annealing 

for  re - crystalli cation  lovers  noticeably  the  limits  of  tensile  strength  at 

roon  and  heightened  temperatures  and  increase  plasticity  within  a  temperature 

range  of  from  8p0  to  1200°C  (fig.  175)-  Sven  the  difference  in  the  conditions 

of  clinkering  of  povdered  molybdenum  (in  a  vacuum  or  in  hydrogen)  exerts  a 

definite  influence  upon  mechanical  properties.  A  comparison  of  deformation 

curves  for  mclybdenun  samples  produced  by  methods  of  powder  metallurgy  and 

by  the  of  smelting  in  a  vacuum  furnace  is  shovn  in  fig.  175-  When 

the  test  temperature  is  lowered,  the  influence  of  the  method  of  molybdenum 

production  upon  the  course  of  deformation  curves  manifests  itself  vith  special 

sharpness.  This  gave  a  basis  for  carrying  out  serial  tests  of  molybdenum 

for  tensile  strength  at  different  temperatures  (fig.  177).  I*  turned  out 

\ 

that  the  critical  temoerhture  of ’.the  transition  of  molybdenum  from  a  ductile 

\  ;  * 

to  a  brittle  state  (determined  basically  by  the  values  of  relative  contraction) 

\*  \\  • 

is  sufficiently  high,  a  fact  which  trust  be  taken  into  account  in  constructional 
nitons .  Further  tests  have  also  shown  ihst  the  critical  temperature 
T^pon  the  speed  of  deformation,  the  conditions  of  stress,  tne  size 
of  the  grain  and  tho  presence  cf  impurities,  in  the  first  place  ef  carbon. 


•  -  S  --N  £■*.  '  -.X- 


J~gr 

'i!   ?  ~x 
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oxygen  *rd  nitrogen,  vhica  form  in  ulyb-.er..:-  a  hero  solution. 

Considering  the  fast  sr-i.  t..  condition?  of  molybdenum’ s  production 
flTin  processing  strongly  influence  its  properties,  the  results  of  tests  for 
tensile  strength  (fig.  1?8)  ere  shewn  in  the  form  of  cross-hatched  tones  of 
critical  stresses.  The  lover  limit  of  a  tone  corresponds  to  the  ra- crystallized 
state  of  the  sonnies,  the  upper  Unit  to  the  deformed  state  (after  settling) . 

Data  concerning  short-tins  tests  for  tensile  strength  and  creep  ere 
presented  in  tables  di  and  65. 


Fig.  175.  de  influence  of  preliminary  processing  upon  the  limit  of  strength 
pmn  elongation  of  molybdenum  at  ^com  and  heightened  temperatures 
Figures  at  curves  denote  elongation  in  \ 

1  -  Semples  after  shortening 

<  1 '  - 

2  -  Samples  after  re- crystallization. 
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Fig.  27 6.  Creep  curves  for  sanples  of  colybdenun  produced  by  the  nethod 
of  srelting  in  an  arc  furnace  (I)  and  by  the  nethod  of  povdor  metallurgy 
{2}  Conventional  synhols:  Dots  -  upper  Unit  of  creep. 

Circlets  -  lover  Unit  of  creep.  Eriangles  -  Unit  of  strength 
Squares  -  destruction. 

Ordinate:  Stress  in  hg/na 

Abscissa:  SLcngation  {ccr  stretching) :  in  i 
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Fig.  177.  Results  of  serial  testing!  ^ig-  178.  Stensile  strength 
of  aolybdcns  for  stretching  at],}'  \  ^  aolybdenun  at  8?Q-1000oC 

Tin  ' 

different  cerpsrarurcs  '  \ 

1  Ordinates:  Linit  of  strength, 

in  Xg/sn2 


Abscissa:  hours 


«  • _ ■  gpgg - ^  ~»  W-^-^--Lji"J  *  ^  -r  - 


Table  64.  Results  of  short-time  ■zests  for  extern  ion  at  hi  eh  temperature s 
of  sampler-  of  re-cryszallized  aoljbdemrs 

1)  Test  temperature,  °C  2)  Yield  point,  in  kg/m^ 

3)  Li alt  of  strength,  in  kg/snT  4)  Elongation,  in  dP 

5)  Harrowing  of  cross-section,  in 


Table  65.  Creep  of  re- crystallized  nolybdenun 


1)  Test  tszroerature,  °C 


destruction,  in  hours 


2)  I-oninal  stress,  in  kg/csa 

4)  Eliilml  speed  of  creep  in  rra^an 
per  minute 

5)  Temperature  of  test,  °C  6)  Horsinal  stress,  in  kg/ns^ 

7}  Tins  until  destruction,  in  hours  8)  Minimal  speed  of  creep,  in  ixi/ma 

per  minute 

9)  Test  terperatur o ,  °C  10)  Kpzdmal  stress,  in  kg/na^ 

11)  Tine  until  deetrutrtion,  in  hours  ^12)  Minimal  speed  of  creep  in  m/nzs 

V  ,  i  per  minute 

*  \  *  4 

*  \  -j  .  ' 
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fig.  179  shove  the  results  of  tests  for  tensile  strength  of  cent  alleys  o: 


reiyfcdenun  with  titaniun,  niotiur  a^d  cobalt  after  their  different  thcvsal 
processing.  For  comparison  the  Units  of  the  values  of  tensile  strength  of 
pure  nolybdenuu  are  sLovn  in  tie  scao  figure.  As  it  follows  fora  experirsatal 
data,  the  rational  alloying  of  isolybdersr:  leads  to  a  sharp  increase  of  its 
hsat-anduriug  properties. 

A  comparison  of  the  Units  of  tensile  strength  of  different  heat- 
enduring  netalUc  alloys  and  netallo-cerenlc  materials  at  600  to  UOO°C 
obtained  from  1000  hour  tests  (fig.  180)  shots,  that  the  riDiybdemn  alloys 
have  the  naxinus  heat-endurance,  and  that  t^ey  ney  occupy  a  leading  place 
ai 3G£g  mterlole  for  service  at  high  temperatures,  if  or  when  a  aethod  for 
their  reliable  protection  against  corrocicn  by  gas  is  found. 
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Fig.  379-  /IcJUlfc  of  testing  for  tensile  strength  in  a  vncuua  at  870  (a). 


9&0  (b)  and  1093^  (c)  of  ssclybdcnun  alloy  vith  titaniur,  niooiun,  vsnadiua 
or  cobalr .  Bio  alloys  vith  2 . Ti,  C.32^  Ifo,  0.655:  V,  O.CA$  Co,  0.6Tp  V 
and  2.45o  11  in  the  re-crvstallirod  state  are  denoted  correspond i ngl 7  vith 
little  rhombuses  (or  diamonds),  triancles  vith  apexes  up  and  dovn,  circlets, 
squares  and  crosses.  The  filled  (or  solid)  signs  correspond  to  the  sans 
alloys  after  the  inner  stresses  in  then  are  eliminated. 

Ordinate:  strength,  i=2  hg/sn 
Abscissa:  hours 


Fig.  1&5.  Comparison  of  strength  characteristics  for  1000  hours  of  cone 

heat-resistant  materials  at  65Q-1100°C 
*  .  ^  .  V  \ 

Ordinate:  Unit  of  strength,  ija  hg/iSr 


\ 


Acscissa: 


,  •  V  .  .  \  \  1 

C  \  .  \  \  *  ' 

legends  (fron  top  to  hotter)  1  Af^left:  1)  highly  alloyed  austenitic  steels, 
2)  cast  cobalt  alloys,  ^  3)  Steel  18  CS  -  8  Hi. 


At  right:  1)  aolybaenur  steels,  ceranic-aetels. 
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MAGNETIC  2-M2RIALS 

Defending  upon  the  magnitude  of  the  fcoercive  force  H  ,  magnetic 

I  '  *  • 

are  subdivided  into  magnetically  '.soft,  am  magnetically  hard. 

PA  * 

Magnetically  soft  materials’ have  a  coercive  force  H^.  of  Pros  seve-ai 

•1 


oersteds  to  sore  thousandth  parts  of  an  oersted. 


A  small  coercive  force  3c  in  accompanied  by  large  values  of  magnetic 


penetrability  in  veak  and  intermediate  fields. 
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Vith  tha  cars  naxirns  inductions  the  Iocgqg  of  hysteresis  during 


reversal  of  nsgneii sa  in  nagnetically  soft  naterials  are  nany  tines  louer 

i 


than  in  nsgnaticully  hard  naterisls. 


BASIC  23F3S  OF  J&EtETICALIZ  SOFT  J&23RIAIS  AID 


233  F3CHS3H2S  330.U232)  OF  233? 


1.  Materials  for  magnetic  conductors  of  direct  current. 

a)  A  high  magnetic  induction  in  interned! ate  and  strong  aagaetic  fields 
(free  tens  to  hundreds  of  oersteds); 

b)  good  z&chineability  by  cutting  end  pressure. 

2.  Materials  for  relays  cf  direct  current  and  aagnetic  screens: 

a)  High  magnetic  penetrability  in  veak  and  intemediate  fields  (free 
hundredth  parts  of  an  oersted  to  several  tens  of  oersteds); 

b)  A  snail  coercive  farce  as  a  naans  of  decreasing  the  Beetling  resldanl 
induction  (for  relays); 


c)  Machineability  by  cutting  and  pressure,  in  particular  by  bending  for 
(or  tc)  a  snail  radius.  '  ^  '  k  '  \ 

'  \  f  ?  \ 


3.  Materials  for  mgnetic  acesductor^  of 
of  traneforaers,  relays,  stc.)  L'l  \ 

'  \\  * 


alternating  current  (for  cores 


a)  Snail  specific  losses  during1  reversal  of  segnetisn; 


b)  High  nagnetic  induction  in  strong  fields  (for  electric  sachines 
and  pever  tr55»f6iacs ) ;  . 


-18> 
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c)  High  magnetic  penetrabi?  ity  in  veak  and  intermediate  fields  (from 
thousandth  parts  of  an  oersted  to  tens  of  oersteds); 

d)  rectangular  loop  of  hysteresis  (magnetic  arpliriers,  contact 
rectifiers,  contactless  relays;  etc.) 

9)  Good  starwehility  (for  sheet  materials). 


-I90- 
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